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LAW. 


NOTICE: When government or other drawings, specifications or other 

data are used for any purpose other than In connection with a defi- 
nitely related government procurement operation, the U.S. Government 
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SUMMARY 




In 1963, the Joint Chiefs of Staff requested that the Secretly of Defense initiate research 
to determine the feasibility of destroying large areas of foresflor jungle growth by fire. Tests 
conducted in Vietnam in 1963 and 1966 (Operations SHERWOOD FOREST and HOT TIP) were 
inconclusive. A test series, code-named PINK ROSE, yhs conducted in 1967. 

Three targets, each 7 km on a side (spp ^xiimtcly 12,000 acres) were picked from rep- 
resentative jungle areas in War Zones C and I). Eacp area was double sprayed with honnone- 
type defoliant chemicals, and half of each area waValso sprayed with a contact herbicide. On 
the first two targets, ignition was effected by saturating the target with 72,000 M-74 incendi- 
ary bomblets. This ignition density was doubles on the third target. 

In no instance was an appreciable amounifof forest canopy removed by the resulting fires. 
Measurement of the moisture contents of /angle growth following application of defoliants 
showed that leaves were being desiccated/to acceptable levels, but that twigs retained suffi- 
cient moisture to prevent combustion. Ae conclude that current defoliant chemicals applied 
in the volumes and concentrations now L ope rational practice in Vietnam do not act as effec- 
tive desiccants. Siccessful removal /f Vietnamese jungle growth by fire will not be possible 
unless effective chemical desiccants/can be developed. 
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BACKGROUND 


The dense vegetal ion canopies which are c haracteristic of tropical forest areas provide 
cover and concealment forthe movement and activities of enemy forces. Following an aborted 
attempt (Operation SHERWOOD FOREST) on 31 March 1965 to burn tropical forest vegetation 
at Boi Loi Wood in Tay Ninh Province, Republic of Vietnam, "^CINCPAC requested that the 
Joint Chiefs of Staff expedite the development of techniques whereby large areas of tropical 
forest growth could be effectively destroyed. The Secretary of Defense was requested by the 
Joint Chiefs of Staff in December 1965 to initiate a feasibility study to determine techniques 
for chemically desiccating vegetation and destroying tropical forests by fire. The request 
w as approved and active participation in this program by the Branch of Forest Fire Research. 
Forest Service, was initiated by the Advanced Research Projects Agency on December 20. 
1965, under ARPA Order No. 818 (Project EMOTE). 

The ARPA -Forest Service fire research program consisted of two parts: 

1. Phase 1 - the technical support of an operational field test (HOT TIP) conducted 
by the armed forces in South Vietnam in 1966. 

2. Pha.-“ 11 - the conduct of a tliree-to-five year research effort designed to de- 
scribe the chemical treatment and flammability requirements of tropical forests 
so that Inrest vegetation might be operationally modified for incendiary attacks. 

The culmination of Phase 1 occurred on 11 March 1966 with the HOT TIP operational 
trial of forest incendiarism on Chu Pong mountain in Pleiku Province. The target selected 
was of military interest and included an area of 21 square kilometers. Orange defoliant was 
sprayed over most of the area between January 24 and February 6. This dry season herbi- 
cide application delayed the onset of desired treatment effects, since the vegetation was 
physiologically dormant. Blue was applied on February 22 and 23 in an attempt to achieve 
m;L\imum jxissiblc luel desiccation. 


\j jin it. et uI. Neutralization of Viet Con<; Safe Havens: 
Paper KAC-TP-11M . liMir., 71pp. 
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. - ii l (on m,i i i-n on 11 March l !!*>■>. fifteen B-52 aircraft dropped 2.V> M incen- 
o, r w ..n . >ar; .,. t ; ir ea. This ignition strike was followed after 14:10 by 11 napalm 

' >n- the a:-\ ;n.i side of the target area. Many of the fire sets merged and developed 
convection column reaching to 22,000 feet. Flames did not carry through the tree 
•'< .except at ri duet ops, nor were firestorm conditions produced, but the 17. a percent 
• I o( the forc-t ciutopy was encouraging under the existing treatment conditions. 

i the n. 1 suits of HOT TIP on Chu Pong Mountain were inconclusive, information 
luring the operation warranted additional testing. Following the evaluation of HOT 
set oral operational changes were recommended for forest incendiary programs in 
\ i.'tnam. These test plan changes involved chemical treatment, ordnance require - 

■i 1 weather requirements. 


carried out in February 1966, at a site in the CentnU Highlands about 

. r n. v*hu Pong test area. Fuel moisture measurements were made of the 
m is treated at different times: 

v «* n.i« r ira a — Sprayed with Orange in late November 1965. 

jjnu.m m a — Sprayed with Orange on 24 January 19<>6. 

. ,„..nis t rim these two areas indicated that the moisture content of twigs less than 1/2 
, .!,;i meter remained at relatively high levels following chemical treatment and that their 
;n content aetu;dlv increased over time. The average moisture content of all samples 
m -1 roe days in the November area was 85.9 percent; in the January spray area the 
. w as si. » |x' r.ent . Moisture contents of this magnitude indicated that the internal 
i', translocation system*' of the vegetation were still functioning following chemical 
, nt. Thus, more thiin half of the line fuels needed to carry fire into and through the 
mopy urn* ton \sot Co ljura. 


v< -et ill. For.-st lire Research. 'Final Report, Phase 1, Vol. I. Requirements fora 
. of D.-st ro\ u:g Forest/Jungle Growth by Fire, Forest Service, l .S.D.A., .>4 pp. , 
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Fig. 3 

(Low Moisture Content Samples Excluded) 
MOISTURE CONTENT OF DEFOLIATED VEGETATION 
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Fig 5 

MOISTURE CONTENT OF SMALL TWIGS REMAINED 
TOO HIGH TO PERMIT COMBUSTION FOLLOWING 
DRY SEASON CHEMICAL TREATMENT. 
OPERATION HOT TIP 

March 1966 
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In order to modify the moisture content of these critical stem and twig fuel components, 
the new guidelines were prepared to insure the following changes in chemical treatment pro- 
cedures for forest incendiary operations: 

1. An eai!y application of Orange or White while the plants are physiologically 
active (prior to the onset of the dry season) to defoliate the upper canopy. 

2. A repeat spray application approximately one month later with Orange or White 
to penetrate lower canopy layers. 

3. A spray application of Blue, a contact desiccant, approximately 10 days prior 
to the strike date to desiccate those ground level species that w ere not suscep- 
tible to the hormone type chemicals. 

INCENDIARY ORDNANCE 

The ordnance plan for HOT TIP called for the mass ignition of the target area using 
closely spaced small fire sets. On the HOT TIP operation, the ignition pattern using M-35 
clusters was fairly satisfactory within a strip but spacing between strips was too great. 
Consequently, ordnance requirements were recommended to provide an increase in ignition 
density and a reduction in spacing between aircraft strips. The recommendation specified at 
least one ignition per 8000 square feet of forest area and a contiguous pattern of flight strips 
to insure saturation of the target. 

WEATHER REQUIREMENTS 

Moisture content sampling during HOT TIP indicated a more rapid drying response of 
leaf litter and attached dead leaves following a rain shower than was expected. These results 
permitted the easing of restrictions in the weather specifications for burning tropical forest 
fuels. The HOT TIP specifications of 2 drying days being required after a light rain and 3 
days after a heavy rain were lowered for PINK ROSE planning to 1 and 3 drying days, respec- 
tively. A light rain was redefined as one with less than .20 Inch of rain instead of . 10 inch. 
Sjx cii ieations for a dry ing day were: 

(1) No rain has fallen in the preceding 24 hours. 

(-) Minimum relative humidity drops below 70 percent. 

(•'{) Afternoon cloud cover is less than 3/8^ 4 ; 
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OPERATION PINK ROSE, 1967 

As a part of Phase n of the ARPA sponsored Project EMOTE program, the Forest Serv- 
ice agreed to provide technical support to future forest incendiary operations. On 11 August 
1906 CINCPAC approved the utilization of ARPA/Forest Service advisory services on Opera- 
tion PINK ROSE, a full scale field test to study the feasibility of neutralizing Viet Cong safe 
havens by fire. 

On 15-16 September 1966, two Forest Service representatives visited CINCPAC head- 
quarters to discuss the status of Operation PINK ROSE. The outcome of this meeting was an 
outline for the preparation of PINK ROSE test and evaluation plan. On 30 October to 8 Novem- 
ber 1966, a four-man Forest Service team worked in Saigon assisting the PINK ROSE project 
officer in preparing the test plan (see Appendix 1). 

Based on experience gained during previous incendiary attacks, PINK ROSE was planned 
as a definitive test of the hypothesis that tropical forest areas could be destroyed by fire uti- 
lizing only currently operational materials and techniques . 

Selection of PINK ROSE Targets 

Three tropical forest areas were selected for PINK ROSE incendiary tests in War Zones 
C and D. Areas A and B were located in War Zone C and Area C was located in War Zone D. 
The coordinates of the areas were defined as follows: 

1. Area A - XT 5277 , 5284 , 5984, 5977 

2. Area B - XT 0975, 0982, 1682, 1675 

3. Area C - YT 3441, 3446, 4148, 4141 

The three areas selected ranged in fuel conditions from marginally light and patchy (Area B) 
tli rough optimum density and distribution (Area A), to such heavy triple c»o* *ur»T> ir 
niccessful desiccation appeared unlikely (Area C). 

CHEMICAL PRETREATMENT 

The initial defoliant spraying was completed as rapidly as pr*»is«r * - 
j .'uular spray operations. Standard swaths were applied, each <>. 1 X 
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Fig. 7 

OPERATION PINK ROSE 

JanuaryApril 1967 
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Fig. 8A 


PINK ROSE TARGET AREA A 









Fig. 9A 

PINK ROSE TARGET AREA B 
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Fig. 9B 

AREA B FUEL: PATCHY SECOND GROWTH 
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Fig. 10A 


PINK ROSE TARGET AREA C 







Fig. 10B 

AREA C FUELS: HEAVY TRIPLE CANOPY 










: • uh swath length across one of the test areas. For, each aircraft sortie, only 400 gallons 
t ie considered as delivered within the area. Thus, the data for the first treatment (see 
T.i’iiv 1) may show slightly less than the herbicide rate actually applied. 

The second spray treatment was done as a special job with all the spray material applied 
within the 7 Km. -square areas. Width of swath was reduced and spray discharge was adjusted 
so that each sortie covered 3 swaths across an area — a total of 21 Kms. per sortie. 

The third spray was applied Li a similar manner on one half of each area. 

The initial spraying of Area A was completed on 5 December, with most of the acreage 
sprayed during the last half of November. Area B was sprayed over i 3-month period ending 
19 December. Area C was sprayed mainly in November, ending 27 November. 

The second spraying was done on all three areas about one month later, between Decem- 
ber 16 and 29. 

The third spray was applied 5 January on one area and between 16 and 21 January on the 
other two areas. 

The initial spraying on each area was done with either Orange-^or White, -^depending 
on the chemical supply available when each mission was flown. After 15 November, all of the 
spray on Area A was Orange and much of Area C was sprayed with Orange, but White and 
Orange were used in about equal amounts on Area B. All of the second spray on Areas A and 
C w as Orange, and all on Area B was White. Blue‘S was used in the third spray on half of 
each area. 


_L / Ora nge 

.*> 0 ' n-butyl ester of 2,4-dichlorophenoxyacetic acid 
'•O', n-butyl ester of 2,4,5-trichlorophenoxyacetic acid 

ij White (Tordon 101) 

.'M*' 4-amino-3. 5, 6-trichloropicolinlc acid as the triisopropanolaminc salt. 
To 2.4-dlchlorophcnoyacetic acid as the trlisopropanolumlne salt. 

J/ IM'je fitiy tar iOO) 

'■7' <!i methy tarsi nic acid as sodium cueodylute 
i :; diniethy larsinic acid 
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Fig. 11 

DEFOLIANT SPRAY OPERATION OVER 
PINK ROSE TARGET AREA A. 
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First 
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Third 


Flue w.is applied 
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Flue was applied 
x Hit h off th<* ..n* 
bl Ihs. a . 
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i ablt 1 - Herbicide Treatments on Areas A, ft, and C 


Da to 

Herbicide 

A 

n 

c 



gallons appli ed on area 

Sept. 21-29 

Unknown 


3.600 


Oct. 7-10 

U n known 


3.200 


Oct . i*-.io 

White 

3, 200 

1,600 

1,600 

Oct. 16-30 

Orange 


1,600 

4.000 

Nov. 1-15 

White 

5,600 

3.600 

4,000 

Nov. 1-la 

Orange 


1,200 

10.000 

Nov. 16-27 

White 

4,400 

4,200 


Nov. 16-27 

Orange 

12,800 

3.000 

13,200 

Nov. 16-27 

Bobi 


3,200 

1,200 

Doc. 5-9 

White 

1,800 

1,600 


Doc. 11-19 

Orange 


6,300 



TOTAL 

27,800 

33,100 

34.000 


Per Acre 

2.30 

2.73 

2.81 

IVc. 16 

Orange 



12,600 

Doc. 26-30 

White 


28,800 


'Vo. 26-30 

Orange 

23, 400 


9.900 


TOTAL 

23,400 

28,600 

22,500 


Per Acre 

1,93 

2.38 

1.86 

.Ian. 5-7 

Blue 



10,800 

■Ian. 16- 1 n 

Blue 

14,200 



•an. 19-21 

Blue 


23,700 



TOTAL 

14,200 

23,700 

10,800 


Per Acre 

1 . 9 & J / 

3.91 i/ 

1.78.2/ 


I on about 0.0 of the total acreage in Area A* making an average rate of 
•) # lb, /a -- on the west sick* of the area. 

on the south half of Area It, but much of the first swaths drifted to the 
Ac tual overage rate on the area is not known but is much below the 


on the s< >uih half of Area C at about 1 . 7 m lbs. /a. 
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i hf M - ])u e^di.frv Duster Bomb was chosen lor the PINK K< *SK in< « i\< har\ attacks, 
i warn* •Mijis ;:.o pounds and contains a cluster ol .‘>7 M 7-1 A I bumblets. latch Umiblet 
v ' niair.- _.7~ pound.- o| PT 1 incendiary filling. The bomb cluster was lu^t d t < » ojk n at :m 
diiiad<* mi approximately .7unn ieet. Pliuis for ignition o! PINK ROSF targets called lor a B-.72 
- ike ot ;;o airer:iit. each earn ing 42 M-.T7 Incendiary Cluster Bombs. Using this ignition 
i . *dc. one B-.72pr >vides approximately one ignition source lor each <1200 square feet through- 
out ? attem 700 ieet wide by 21.000 feet long. The total B-.72 strike would saturate ;ui area 
21.^00 feet on a side with 72.000 individual ignition sources. Average spacing between igni- 
tion points was calculated to l>c >5 feet. 

PINK HOSK i f A UFA C, 1* JANUARY 10G7 

PINK ROSK T iruet C t la miles northeast of Saigon in War ZoneD, was ignited us planned 
on i * J;inu:tr\ 1 !h; 7. The target box was situated just north of tin* Dong Nai River. A smaller 
str ain drained the eastern half of the target and a north -south road bisected the area. An 
abandoned air -trip was located on the north edge of Area C. The vegetation was character- 
ized b\ a den >e triple canopy tropical forest. Several swamps and clearings were scattered 
tli rotighout the target. The to|x>graphy in the area was flat and the elevation was approximate- 
l\ 1.70 feet. 

On h January I Jb7. atmospheric conditions for burning forest fuels were generally un- 
i ;»\ «> rable. The an ;ls cool, moist and stidde; characteristic of periodic lulls in the winter 
noil J km>i monsoon. All Smth Vietnam was under the 1 influence of the southern portion of the 
.Sii**r.:m High, l.nw level winds were light ;uid northerly up through the gradient wind level. 
Smtlii a>ter|\ How i :oni the s.7o mb through the .700 mb levels on January 17th !>ecame much 
more pronounci d on the lsih with the development of a strong anticyclone north of the Philip— 
i»u.f in liie upi h • r bwels. through 200 millibars. This relatively strong and deep southeast - 
« rh 1 1 »v -us ii MH.n^ibie lor the adxection ol considerable moisture ;it all levels. 

I ben Hoa. lor. tied about 1.7 miles southeast of target C, was the nearest weather st ation 
i . . i ? : < * t.irj t an a. Figure 14 illustrates the valuers of several meieorologieal Parameters at 
i ;ms i. ST lor the Mien Hoa station from 1.7 Juuiary through 21 J;inu irv P><»7. Figure !• show s 
<■ •::u!*i!.»l 1 ri-ud *»n 1 * J.uitiary . the dav of the 1 strike 1 . 
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Fig. 12 

INCENDIARY STRIKE PATTERN FOR 
OPERATION PINK ROSE 
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Fig. 14 

EIEN HOA 2PM WEATHER 

7*31 January, 1967 



TEMP 

RELATIVE 

PRECIP 

CLOUD 

DATE 

(°F) 

HUMIDITY(%) 

(IN.) 

C0VER(8ths) 

7 

84 

59 


6+ 

8 

84 

57 


6 

9 

90 

47 


13 

10 

88 

41 


1-3 

11 

88 

50 


3-5 

12 

90 

47 

* 

6+ 

13 

84 

53 


3-5 

14 

83 

54 


3-5 

15 

83 

54 


6+ 

16 

77 

50 


6+ 

17 

81 

47 


6+ 

18 

81 

51 

0.02 

6+ 

19 

72 

70 

0.08 

6+ 

20 

81 

56 

0.08 

6+ 

21 

85 

51 


3-5 

22 

88 

51 

0.27 

3 5 

23 

88 

59 

0.02 

3-5 

24 

84 

59 


6+ 

25 

86 

55 


3-5 

26 

86 

51 


6+ 

27 

88 

52 


3-5 

28 

90 

45 


1-3 

29 

92 

43 


6+ 

30 

84 

59 


6+ 

31 

88 

45 


1-3 
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i hi' nearest station taking up|>er air soundings wasTay Ninli, some 50 miles to the North - 
'•s; oi Target C. These soundings show a significant increase in moisture aloft loginning on 
tiie 1 7 til :unl continuing through the 24th. At 1400 on the 18th the sounding shows a deep in- 
vor.-ion 1mm _‘no<< to 4soo feet. The sky was completely overcast in the vicinity of the target 
an a with a layer of clouds at 2500 feet and a second broken layer at 10,000 ft. Virga was 
prevalent in the vicinity of the target area. The FAC pilot reported light rain on his aircraft 
at 1427 , seventeen minutes after the strike began. The strike began at 1410 and ended at 
1 14s. Ten B-52 passes of three planes per pass effectively delivered all ordnance during the 
08 minute strike period. The strips were flown from east to west, starting at the south end 
of the target box and working north. As judged from post-strike IR imagery, the ordnance 
drop and ignition pattern were excellent. 

As the incendiary strike progressed, the smoke spread in a shallow layer to the south- 
west under the influence of the surface winds. The low inversion prevented significant con- 
vection and kept the smoke trapped below 3000 feet. Aerial observers noted occasional brief 
surges where small convection columns formed over hot spots and rose to 4000 ft. or higher, 
but these lasted only a few minutes, and at no time was the column significant enough to be 
detectable by radar. 

Although at least three secondary explosions were documented during the strike, fire 
spread was negligible except in the northwest comer of the target where fires started in the 
high grass of the abandoned landing strip and spread for several hundred feet into the adjoin- 
ing forest. 

Fuel removal as calculated from the convective heat release amounted to 550 pounds |x>r 
acre or less than 2T, of the potentially available fuel. 

At 0745 on 10 January, an evaluation team moved in by helicopl^r to assess the effects of 
the previous day's raid. The only available landing zone was in a swamp in the west central 
ixonion of the target area. Although condition., were excellent for observing the pattern and 
behavior of die ordnance, and the relative effectiveness of the chemical pretreatment, the 
."•irvev site was too far removed from the northwest comer of fire activity for meaningful ob- 
servations of fin* behavior to be obtainable. The complete post strike evaluation report is 
•bown as Appendix II -A . 
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TAY NINH SOUNDING 

18 January 1967 1400 Hours 
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1411-1413 Hours 18 Jan., 1967 (note difference in color and rate of rise of smoke) 
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Fig. 20 

FIRE SPREADING FROM ABANDONED LANDING STRIP 

PINK ROSE TARGET C 

18 January 1967 
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ROUTE OF POST STRIKE SURVEY PARTY 
PINK ROSE TARGET C 

0745-0915 Hours. 19 January 1967 
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Fig. 22 

M-74 CASING RECOVERED BY 
POST STRIKE SURVEY PARTY 
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P!XK UlhSl- 11, AREA A, 2* JANUARY 1967;^, 



Ari.'a A is located about 4 miles south of the Cambodian border and 12 miles southwest of 
An l,oe. Two trilxitaries of the Saigon River, Rach Trau and Cha Va, drain portions of the 
target area. The vegetation consisted of adouble canopy forest stand with interspersed grass 
fields and clearings. Bomb craters from a B-52 strike in late 1966 were observed in Area A. 
The topography was flat and the elevation of the area was approximately 160 feet. 

Area A w as ignited at 1405 LSTon 28 January 1967 under nearly ideal atmospheric condi- 
tions. The northeast monsoon flow was well established. No rain had fallen for several days 
and the dead fuels were well dried after having been exposed to strong solar radiation and 
relatively w arm surface temperatures. 


Under the influence of the Siberian High with a flat pressure pattern. South Vietnam and 
target A were exposed to a well defined northeast monsoon flow from the gradient wind level 
up to 300 mbs. A strong anticyclone was oriented over the north Indochinese peninsula on 27 
and 28 January'. The atmosphere was moderately unstable at TOT on the 28th due primarily 
to surface heating and dry air aloft. 

Tay Ninh, located about 25 statute miles southwest of Target A was the nearest regular 
reporting station in the target vicinity. 

Tay Ninh's surface weather for the week of 25-31 January is shown in Figure 24; the di- 
urnal trend for 28 January' is shown in Figure 25; and the 1400 sounding is shown in Figure 
26. Note Unit, in contrast to the weather during the “trike on area C, weather conditions be- 
come more favorable for burning as the strike progresses. Cloud cover was 2/10 or less 
throughout the raid. Weather during this strike was as nearly ideal for incendiary operations 
as can lx? cxjx'cted in South Vietnam. 


The Area A strike used the same ordnance and delivery pattern as the 18 January' raid on 
Area C. The last bomb was dropped at 1443, less than 40 minutes from the start of the strike. 
Again, delivery was on target and well within programmed time limits. 

The initial smoke buildup was quite impressive even though flaming combustion w as ob- 
>. rvoil only in the open grass fields and in the timbered margins around openings. Post- 
■' t r 1 1 .e color pliotograjrfiy and aerial reconnaissance flights indicated that the combustion of 
tucls in the c,|>cnL-.gs w as fairly complete. Even such large down fuels as uprooted trees were 
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1 n> a ash. This evidence of efficient burning can probably be attributed to the 

dning of fuels exposed to direct solar radiation in clearings and clearing edges. 


Secondary explosions within the target area were noted by aerial observers during the 
incendiary attack. These secondaries were distinguished from the burning of the natural fuels 
by their accelerated rates of combustion. The FAC pilot on Area A reported 15 secondary 
explosions during the course of the raid. 

The rate of burning in these areas where fuels did support active combustion was con- 
siderably greater than on similar sites in Area C. The burning of clearings and edges on 
Area A was characterized by pronounced convective activity and the production of dense, black 
smoke. The appearance of this smoke was in marked contrast to the grayish-white background 
smoke evolved from the low intensity smoldering fires beneath the main forest canopy. Suf- 
ficient energy was generated throughout the target box to create indraft winds. Smoke was 
drawn into the main convection column by these winds from all points on the fire perimeter. 
The convection column soon developed to a height of 4000 feet and was picked up by the Tan 
Son Nhut radar w ithin 7 minutes of the initial strike. The maximum height of the convection 
column (10.000 ft. by radar check) was reached at 1445, just after the strike ended. The fire 
died out very quickly. By 1457 the column top was down to 8000 feet and convective activity 
was essentially completed by 1530. 

A post strike ground reconnaissance mission was scheduled for 0800 on 29 January. 
However, intense ground fire from the vicinity of the only possible landing zones precluded 
direct ground observations. Low level aerial observations indicated that crown removal had 
been minimal, and that fire activity had been confined to clearings. The complete post strike 
evaluation repo rt is shown as appendix II-B. 

Two photo strips were flown in Area A on 30 January on an east -west flight pattern in the 
north half of i>e target. These strips covered approximately 2200 acres, or 18.2 percent of 
the area. All recognizable burned areas larger Ulan one half acre were mapped. Some areas 
ni littrrfwm under dense canopy could have been missed. The remaining vegetation cover on 
ih<* burned an as was compared with the cover on the same areas on the pre-strike black and 
•a Into photographs. The results are shown as Table 2. The j>hoto comparison conditions were 
< l.i.'.sd’iod as follows; 
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Fig. 23 

PINK ROSE TARGET AREA A 
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Fig. 24 

TAY NINH 2PM WEATHER 

7-31 January, 1967 



TEMP 

RELATIVE 

PRECIP 

CLOUD 

DATE 

(°F) 

HUMIDITY(%) 

(In.) 

COVER(8ths) 

7 

88 

55 


6+ 

8 

87 

49 


6+ 

9 

90 

44 


1-3 

10 

88 

47 


1-3 

11 

85 

51 


3-5 

12 

84 

49 


6+ 

13 

86 

43 


3-5 

14 

85 

42 


3-5 

15 

81 

50 


6+ 

16 

74 

49 


6+ 

17 

79 

50 


6+ 

18 

79 

54 

T 

6+ 

19 

81 

58 

.01 

6+ 

20 

83 

51 


6+ 

21 

86 

49 


6+ 

22 

90 

48 


3-5 

23 

92 

38 

.76 

6+ 

24 

88 

55 


6+ 

25 

86 

63 


1-3 

26 

90 

45 


3-5 

27 

88 

59 


6+ 

28 

90 

40 


1-3 

29 

88 

59 


3-5 

30 

90 

56 


3-5 

31 

86 

59 


1-3 
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Temperature F 
Fig. 26 

TAY NINH SOUNDING 

28 January 1967 1200 Hours 
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Fig 27B 

THIRD STRIKE LINE OVER PINK ROSE TARGET A 

1416 Hours 28 Jan , 1967 
(Convection column from first 2 strikes is located 
in lower left corner of figure; 
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FIRES BURNED HOT IN CLEARINGS 
(NOTE RESIDUAL WHITE ASH) 
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Pro-Strike Vegetation Type 


Nearly complete removal of A. 

'cget.uion. 

B. 


2 . Hot ground fire; partial reduc- A. 

tion of tree canopy; probably 

heavy scorching of canopy. B. 

3. Light ground fire; little or no A. 

canopy reduction; possible 
scorching of canopy. B. 


Low, secondary vegetation (under 13 feet 
high, mainly under 5 feet) having a very 
open tree canopy. 

Other secondary vegetation with open to 
semi -dense forest canopy. 

Low secondary vegetation, with very open 
tree canopy. 

Open to dense forest canopy; but mainly open. 
Low secondary vegetation, with very open 
tree canopy. 

Open, semi-dense, or dense forest canopy. 


Results of the comparison showed that only 7.5 percent of the total area of the post -strike 
photo sample was altered by fire (See Table 2). 


Table 2. Percent of Tropical Forest Modification by Incendiary Attack, Area A, 
28 January 19G7. (Based on Pre-Strike Black and White and Post-Strike 
Ektachrome Aerial Photo Coverage of 18.2 Percent of the Total Target) 

Percent of vegetation burned 

Aerial Phot. Degree of by 

Strip Burn A B Total 

Acres 1 Acres 7 Acres 


North 

i 

52.4 


3.7 


56.1 


South 

i 

27.6 


0 


27.6 


Both 

i 

80.0 

3.6 

3.7 

0.2 

83.7 

3.8 

North 

2 

5.7 


28.6 


34.3 


South 

2 

21.5 


4.6 


26,0 


Both 

•t 

27.2 

1.2 

33. 1 

1.3 

60.3 

2.7 

North 

3 

6.3 


6.9 


13.2 


St Kith 

3 

0 


8,2 


8.2 


Both 

3 

6.3 

0.3 

15.1 

0.7 

21.4 

1.0 

i t 't. i i 


11.1. 5 

1 

51.9 

2.4 

Hi5. 1 

t , i 
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Fig. 29A 

1412 

Hours 




Fig 29B 

1420 

Hours 



CONVECTION COLUMN DEVEI "OMENT 
PINK ROSE TARGET A 

28 January 1967 

tu-rnrj 

OLLiCLf 



fit 30 

EXAMPLE OF PHOTOGRAPHIC CLASSIFICATION 
OF BURNED AREAS. PINK ROSE TARGET A. 
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: 1 r! ”"' n i1 as cumulated from measurements ,oi -convective activity amounted to 2 .*> 

-- iH-r acre or almut l.V of the total available fuel. This figure agrees well with the esti- 

a.e> made (hiring the 29 January observation flights, but is twice that determined from the 

:uv. pi e ph ot i >g raphy . 


PINK ROSE m - AREA B, 4 APRIL 1967 

Area B is located in \\ ar Zone C, about 4 miles from the Cambodian border and 16 miles 
north-northwest of Tay Ninh. The confluence of two small streams, Ky and May, near the 
northern center of the target box forms the Ben Da River. National Route 22 between Tay 
Ninh and the Cambodian border cuts across the southwest corner of the target area. Highway 
247 which runs nearly east -west forms the southern boundary of the target. The vegetation 
on the area was comprised of a fairly dense stand of secondary growth with a patchy mature 
overstory. Except along the banks of the Ben Da, the target was comparable in species com- 
position and cover density to research site TBNW (described later fa) this report). The to- 
pography was flat and the elevation was approximately 60 feet. 

The incendiary raid on Area B began at 1400 LST on 4 April 1967. Weather conditions 
were less than ideal, but more favorable than those encountered (hiring PINK ROSE I. The 
week preceding the strike was typical of the transition period between the dry northeast mon- 
soon and the wet southwest monsoon. 

A low pressure center over northern Indochina was already apparent from the surface 
through the »:>0 millibar level, and accounted for the southwesterly flow over the southern 
hall of South Vietnam. This southwesterly flow was supported by anticyclonic streamline 
11 <>w from a center located just off the South Vietnamese coast, which at times during the week 
was located as far east as the Philippines. The two flows caused the development of a can- 
w rg. m e zone over the mainland intermittently during the period. Recorded rain fell only on 
the 3rd of April at Bien Hoa. No other moisture was noted other than fog at many stations in 
N, ' llh \ »< uiam (inn not in the target area) on the mornings of 2 and 4 April. 

On the morning of tin* strike, the sky over the target was cove red with a double elmd 
I > - r; solid stratus .u .l ,oo feet and broken altostratus at 7000 feet. By 1300 the altostrutus 
!( id 'll sip;, ted ;md local thermal convection hail broken the stratus to form a 7/10 cover <>1 
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fig. 31 

PINK ROSE TARGET AREA B 
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:r ji.M/umulus with bases at3s00feet and tops about 4200 feet. This persistent morning over- 
vast would significantly retard dew eva|x>ration. and fuel moistures were undoubtedly higher 
at TuT th;uv would l>e exacted considering only temperature and relative humidity. Tay 
N inh’s surface weather for 1-5 April is shown in Fissure 32. 

The Tay Ninh upper air sounding station is only 10 miles south of the target. The noon 
sounding showed that conditions were considerably more unstable than on the previous two 
strikes. The level of free convection was only 8200 feet and the surface free convective 
lcmj>erature was 99°F, only six degrees above ambient at TOT. 

For this strike, the B-52 force was reduced to fifteen aircraft, and the target box was 
compressed to 2300 acres to provide a nominal incendiary spacing of 52 feet (80 feet was the 
nominal spacing on the first two strikes). Compressing the target box permitted a strikeforce 
redeployment such that all bombs were released within 12 minutes. As in both previous 
strikes, bombing accuracy was excellent. 

Because of the higher fuel moistures and lack of solar radiation, fire buildup was notice- 
ably slower than that on the 18 January raid on Area A. For the first 20 minutes practically 
nothing burned except the incendiaries. Fires did eventually spread, however, and by 1445 
the convection column had broken through the cloud layer and topped jut at 5000 feet. Ri*tes 
of spread were determined from sequential infrared imagery. During the maximum buildup 
period (1425 to 1 445 hours) the rate of fire spread in clearings ranged from 2.4 to 4.7 linear 
feet per minute, about what one would predict for hardwood forest types in the U.S. under 
similar circumstances. From 1445 to 1515 hours, spread was drastically reduced as the 
initially ignited spots burned out to leave thin rings of burning litter. As in previous strikes, 
tires then died out quickly and were confined to a few scattered areas by 1530. 

In the ensuing hour, an extremely interesting and rarely documented phenomenon occur- 
red. Although all major fire activity had ceased, the accumulated heat finally pushed surface 
t« mi* ratun s alxivc the free convective levc,. A towering cumulus developed over the target 
.md reached an elevation of 43,000 to 50.000 fetq.-^and more than 1/2 inch of rain fell on the 


\ j ] hr !.w\er estimate is taken from the Tay Ninh sounding, the upper estimate from aircraft 
»/i» . r\ au<>ns. la. fortunately no radar observations were Stained, 
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TEMP 

RELATIVE 

PRECIP 

CLOUD 

DATE 

(°F) 

HUMIDITY(%) 

(IN.) 

COVER(8ths) 

1 

95 

42 

0 

1-3 

2 

99 

37 

0 

1-3 

3 

97 

42 

0 

1-3 

4 

93 

51 

0 

6+ 

5 

93 

51 

0 

3-5 


TAY NINH 2PM WEATHER 

1-5 April, 1967 


Fig. 32 
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TAY NINH SOUNDING 







Fig. 34 


INITIAL FIRE BUILD UP ON PINK ROSE TARGET B 

1415 Hours 4 April. 1967 
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Fig. 35 

SOUTHWEST CORNER OF PINK ROSE TARGET B 

1440 Hours 4 April, 1967 
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urgot area before the damage assessment party entered the next morning. Neither towering 
cumulus nor rain were reported from any other stations within 125 miles of the target area. 

Although this event qualifies as a true "firestorm," it should be emphasized that this fire- 
induced rainstorm in no way affected the course of the fire nor the damage produced, since 
the fire was essentially over before rain fell. 

Ground reconnaissance on 5 April showed that the results, like the weather, were inter- 
mediate between those of the first two PINK ROSE tests. Dead logs and snags burned well. 
Fire had spread for appreciable distances in the surface litter. Clearings burned, and some 
trees al the edges of clearings were burned. But fire did not spread into die forest crowns 
and the effective increase in vertical visibility was negligible. Because of the "firestorm" it 
was not possible to use convection column sounding data to compute fuel removal. 

Stem and twig samples taken from defoliated trees and vines showed that the maximum 
depth of char was 0. 17 inches. These samples were collected immediately adjacent to loca- 
tions where downed logs and snags up to 9 indies in diameter had completely burned through. 
This is taken as additional evidence that chemical defoliants are not acting as effective des- 
iccants. 


Fig. 3 


FIRE INDUCED RAIN FOU 

PINK ROSE 

5 April 


JD IN M-35 CANISTER 
rARGET B 
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ALTHOUGH GROUND LITTER BURNED, 
THE FOREST DID NOT. 
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RESEARCH SUPPORT 

Between 9 January 1967 and 1 March 1967, a 5-man fire research team was detailed to 
the ARl’A Research and Development Field Unit in Vietnam in support of Operation PINK 
ROSE. The team consisted of an infrared reconnaissance expert, a fire weather meteorolo- 
gist, a fuels specialist, a fire behavior specialist, and an herbicide specialist. The team 
assisted in the interpretation of weather data, provided advisory services as requested by the 
Project Officer, collected data to document the effects of the incendiary attacks, and investi- 
gated the flammability properties of tropical forest fuels on a defoliated area near Trai Bi 
Special Forces Camp south of Area B. 

Trai Bi is located 5-1/2 kilometers south of PINK ROSE AreaB. Fuel sampling was con- 
ducted during January and February 1967. One sampling area (Trai Bi North-TBN) was 
located 2-1/2 kilometers north of Trai Bi on the east side of National Route 22. The other 
area (Trai Bi North we st-TBNW) was located approximately 1 kilometer northwest of Trai B« . 
Both areas received a single spray treatment. TBN was sprayed with Orange in September 
and TBNW was sprayed with Orange in November or December. Data from ranchhand spray 
crews indicated two missed spray strips in the TBNW nrea. 

The vegetation at Trai Bi was quite comparable to the forest stands observed during 
flights over area B. The general vicinity was characterized by vegetation that was somewhat 
sparse in comparison with most Vietnamese fuels. This was in contrast to the more optimum 
fuel distribution in Area A and the dense triple canopy forest in Area C. 

The vegetation at the TBN site was essentially a single canopy stand with scattered over- 
story trees. The predominant canopy contained saplings and small trees from 12 to 30 feet in 
height. The overstory trees were 50 to 60 feet high. A stem tally on a 1-milacre plot at TBN 
produced a total of 38 stems from 6 inches to 20 feet tall. The largest stem diameters re- 
corded on this plot were one of 3/4 inch and one of 1—3/4 inches. About 90 percent of the stems 
at TBN showed definite treatment effects. Of this 90 percent of stems with treatment effects, 
approximately 80 percent of the stems were completely defoliated and 20 percent retained 
dead attached leaves. The remaining 10 percent of the total stand had green attached leaves. 
The forest floor litter of dead hardwood leaves was essentially continuous, but the fuel loading 
(weight/acre) of the litter was fairly low. There was practically no vertical continuity of fine, 
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Fig. 40 

AP TRAI Bl RESEARCH SITE 


Fig. 41 


GROUND COVER AT TBN SITE 
(Compare with DUC CO fuels in Fig. 5) 
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Fig. 42 


DEFOLIATED CANOPY AT TBN SITE 
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dead fuel within this forest stand. The above vegetation description is characteristic of the 
entire stand from the woodline north for 1600 feet to the TBN sampling site. 

The vegetation atTBNW differed from TBN by having a more pronounced overstory. The 
trees at the TBN\V site did not approach a closed over story canopy, but there were definitely 
more mature trees per acre. There were sufficient overstory trees to classify the stand as 
being double canopied. An active logging operation was working within theTBNW site through- 
out the field sampling program. The under story was from 12 to 30 feet tall and the over- 
story was 70-120 feet tall. The contrast between treated and untreated spray strips was 
readily apparent at TBNW # Approximately 70 to 90 percent of the stems in the treated areas 
were completely defoliated. In the untreated strips both the understory andoverstory canopies 
retained what appeared to be a normal complement of green leaves. The hardwood leaf litter 
layer was usually continuous at TBNW f but there was little evidence of vertical continuity of 
fine, dead material. 

FUEL MOISTURE 

The moisture content of fuels was determined for samples collected at TBN and TBNW 
(See Table 3). The moisture content of hardwood leaves and grass was measured by xrlene 
distillation and by oven drying at 103°C for stems and twigs less than 1/2 inch in diameter. 
All moisture contents are expressed on a dry weight basis. The moisture content of less than 
l/2 inch stem wood was consistently high on the treated study areas. The moisture content 
of the stems was well correlated with the condition of the inner bark layer (i.e. 9 phloem, 
cortex, and cambium)* All trees with a green inner bark, even though completely defoliated, 
had moisture contents in excess of 100 percent (indicating a viable moisture translocation 
system). 

The cambium inspection of many stems showed that the large majority of treated stems 
retained a green inner bark layer and thus were at adverse moisture levels in terms of com- 
bustion. At moisture contents above 100 percent it is impractical to consider these stems as 
available fuel under Vietnamese weather conditions. A few treated stems revealed a reddish- 
brown to brown inner bark which may have been indicative of a species susceptibility to the 
chemical treatment. Only a very limited number of stems were killed by the chemicals cur- 
rently being used in Vietnam based on the examination of the inner bark tissue at the sampling 
sites. 
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Table 3, Moisture Content of Fine Fuels and l/2-Inch Stemwood at Trai Bl, Vietnam, 1967 (Continued) 
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Fill. VO 1. 1' MM AND A RRA N’G E M E NT 

The amount of surface fuel available for combustion was determined by collecting one 
square foot plots of leaf litter. Three plots were collected at TBN and two plots were col- 
lected at TBNW. The plot samples were oven dried atl03°C. and the litter quantity computed 
in terms of tons per acre of organic matter. The average sampled quantities of litter were 2 
tons per acre at TUN and 4-1/2 tons per acre at TBNW. 

Although the total unit weight of surface fuels wa3 low, the distribution of the litter was 
usually continuous over both areas. The continuous distribution of fuel was not maintained in 
the vertical plane. The vertical orientation of fine dead fuels was limited on the sampling 
sites and few ladders existed between the surface litter layer and aerial fuels. 


FIELD BURNING TESTS 

Small test fires were ignited near Trai Bi using white phosphorus and incendiary gren- 
ades. Fires were set in concentrations of logging slash at TBNW and in the hardwood litter of 
chemically treated forest stands at TBN and TBNW. The presence of the logging slash per- 
mitted the compart son of fire behavior in a fuel configuration which simulated native slash 
and burn practices with that of the PINK ROSE fuel orientation. 

Litter Test Fire. TBN. 15 January. 1967 

The hardwood litter in a treated forest stand was ignited with a white phosphorus gren- 
ade. A few ignition points were established, but fire spread was practically non-existent and 
spot fires were confined to areas of approximately one square foot. Combustion was sus- 
tained for only a short period of time within those small spots. The air temperature at 1640 
near this burning site was 85°F. and the relative humidity was 49 percent. The moisture 
content of the ground Litter was ten percent. 

Slash Test Fire. TBNW. 17 January. 1967 

One white phosphorus gi enade was thrown into a rather heavy concentration of logging 
slash consisting of large limbs, branches, and dead leaves. The slash fuels were contained 
within a perimeter of 114 feet. Flame heights of 10 to 15 feet were observed shortly after 
ignition. The weather observation at 1435 at the slash fire site indicated .vi air temperature 
of *)1°F. and a relative humidity of 47.5 percent. The fuel moisture at 1515 was 12 percent 
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Fig. 44 


FIRE IN SURFACE LITTER AT TBN SITE 
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l- r leal i«;iv r iO percent lor dead attached leaves. The relative humidity at 1 5 1 5 was 50 
percent. By 1 "»:.o the lire had consumed a large amount of the fuel within the slash concen- 
traih-n. Nothing remained but white ash and charring limb and branch material. The fire did 
not spread downwind into the sparse leaf litter. 

Slash Test Fire, TBXW, 25 January, 1967 

At 1.155 one incendiary grenade was thrown into a concentration of dead logging slash. 
Combustion was rapid immediately following ignition, but fire spread was not sustained 
throughout the fuel bed. The fuel in the center of the slash pile was consumed with practi- 
cally no spread beyond the point source of ignition. The slash fuel was aerially arranged 
without much fine surface fuel. The air temperature was 87°F. and the relative humidity was 
C>1 percent at 1107. At 1420 the moisture content of attached dead leaves was 13 percent and 
the moisture content of small diameter slash branches was 14 percent. 

Litter Test Fire. TBNW. 25 January. 1967 

At 1515 two Incendiary’ grenades were thmwr into a continuous bed of hardwood leaf 
litter The litter was ignited but fire spread in the natural fuel was not sustained following 
the burnout of tlu grenade*. Flame heights were on the order of 4-6 inches ard the final si/e 
of fire spots u.i- a* >*t 12 inches in diameter. 

Litter Test Fire , T T>N, 5 February, 1967 

Hardw<x*l title*- beneath the predominantly single canopy stand was ignited at 1205 with a 
white phosphorus grenade. The fire at the impact point spread slowly and by 1235 had burned 
an area approximately 25 feet in diameter. At 1240 flames 3-5 inches high were spreading 
very slowly into inhumed hardwood litter. This spot .closely resembled some of the ignition 
points observed in PINK ROSE Target A while flying over the area on February 3. Under the 
canopy in target area A. the ordnance ignition points were confinedto small areas. Sustained 
combustion of the litter did not occur following ordnance burnout. 
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A spot fire also started about 50 feet from the grenade impact point. This spot was 
characterized by a continuously spreading fire perimeter in all directions. The fire spread 
slowly and maintained a circular configuration. At 1221 the perimeter of this spot fire was 
100 feet. It was apparent by 1223 that the present perimeter would be close to the final fire 
size. Flaming zones around the perimeter were quite scattered. Backing flames were 6-9 
inches high and the flame depth was about 2 inches. The leaves burned to a black ash with the 
leaf structure well preserved. The black ash readily disintegrated when touched. Some of 
the residue was in the form of white ash. 

The only portion of the area still burning by 1227 was on the northeast and east sides, 
where flames were backing into a slight wind. By 1240 the fire spot was almost out. There 
was no vertical continuity of fine, dead fuel in this area and the fire remained a surface fire 
throughout the burning period. 

The weather observation at 1200 on 5 February indicated an air temperature of 86 °F. and 
a relative humidity of 55 percent. 

DENDROLOGY 

The species composition of the vegetation at TBNW was identified on 7 February by a 
botanist from the Botanical Garden in Saigon (See Table 4). The identification of vegetation 
is important in interpreting the response of different species to spray treatment. The iden- 
tification was stratified by understory and overstory vegetation. There were instances where 
the same species w'ere defoliated in the overstory but not in the understory. An explanation 
of this disparity in treatment effects might be attributed to the logging operation in the area. 
At the time of treatment the overstory may have been more extensive, preventing good under- 
story contact from the single spruy flight over TBNW. Or spray drift may have affected 
overstory trees in the missed strips at TBNW, but not come into contact with understory 
vegetation. The majority of the overstory trees at TBNW were defoliated. More green leaves 
remained in the understory at TBNW than were observed at TBN. 
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Table 4. Understory and Overstory Vegetation Identified at TBNW 


UNDERSTORY 


Genus 

Species 

Family 

Remarks 

Croton 

Acronychia 

Grewia 

poilanei 

laurifolia 

paniculata 


Retained green leaves 

Aparosa 

filicifolia 


Retained some green leaves 

Nephelium 

chryseum 

Sapindaceae 


Ancistrocladus 

cochinchinensis 

Ancistrocladaceae 


Sindora 

cochinchinensis 

Legumlnaceae 

Retained green leaves 

Callophylum 

retusum 

Guttiferae 


Popowia 

aberrans 

Anonaceae 


Calomus 


Palmae 

Low, green herbaceous plant 

Cinnamomum 

zeylanicum 

Lauraceae 


Pasania or 
Lithocarpus 


Fagaceae 

OVERSTORY 

Retained green leaves 

Genus 

Species 

Family 

Remarks 


Eugenia 


Myrtaceae 

Retained some green leaves 

Parinarium 

annamense 

Rosaceae 


Dillenia 

Anisoptera 

ovata 

cochinchinensis 

Dilleniaceae 


Sindora 

cochinchinensis 

Leguminaceae 

No leaves in overstory tree 

Mangifera 

cochinc hine nsi s 

Anacardiaceae 


Adina 

ptfycephola 

Rubiaceae 


Irvingia 

oliveri 

Irvingiaceae 

Retained green leaves 

Dipterocarpus 

intricatus 

Dipter oc arpace ae 


Dipterocarpus 

alatus 

Dipterocarpaceae 

Retained some green leaves 

Pasania or 
Lithocarpus 


Fagaceae 

No leaves in overstory tree 
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laboratory fuel description 


Approximately 35 pounds of hardwood leaf litter were collected near Trai Bi and shipped 
to the Northern Forest Fire Laboratory for fuel testing purposes. The leaf litter was mea- 
sured and described in terms of properties which influence fuel flammability (See Table a). 
The description of fuel properties will be used in support of subsequent laboratory burning 
tests. 
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T;»Nt Fuel I'yoperties «'f Samples Collected at TBN and TBNW 



TBN 

English 

Metric 

Weight / I'rut \rea 

1.95 tons/acre 

4.37 metric tons/hectare 

jy 

Heat Content 



Ash Content 0 caves) 

5.2'i i 

5.2* 

Leal Density 

16.8 lb/ft 3 


Leaf Specific Gravity 
o, 


0.255 gm/cc 

Compactness of 

65.8 ft 2 /ft 3 

2 3 

2.2 cm /cm 

Litter Fuel Red 

a _3/ 

1772 ft 2 /ft 3 

2 3 

58.1 cm /cm 

Weight/Unit Area 

TBNW 

4.50 tons/acre 

10.09 metric tons/hectare 

y 

lit' at Content 

8264 Btu/lb 

4591 cal/gm 

Ash Content (Leaves) 

10.4% 

10.4% 

Leaf Density 

17.4 lb/ft 3 


Leaf Specific Gravity 


0.270 gm/cc 

V 

Compactness of 

125.7 ft 2 /ft 3 

. , 2,3 

4.1 cm /cm 

Litter Fuel Red 

a j$/ 

2 3 

1675 ft /ft 

2 y 3 

55.0 cm /cm 


\j Heat content is expressed as the low heat value on an oven dry basis. 

2 / Compactness is defined as the surface area of the fuel divided by the void volume of the 

2 3 

volume of the fuel bed (ft /ft* ), 

\\j c (Sigma) is defined as the surface area to volume ratio of the fuel, or the surface area 
of a fuel particle divided by the particle volume. Generally, the higher the value for 
sjgma the greater is the rate of fire spread since more surface area per unit volume is 
exposed to convective and radiative heating. In contrast to the values for hardwood leaves, 

2 3 

the a value for i/2-inch sticks is 96 ft /ft . 


73 





DISCUSSION 

The marginal results of HOT TIP in 1966 were attributed to ineffective desiccation treat- 
ment of the vegetation and an inadequate density of ignition points. The absence of overall 
sustained and active combustion following the incendiary attack was interpreted to result from 
one or more of the following treatment deficiencies. 

1. The vegetation was not drying to low moisture content levels because single pass 
spray applications were not getting down to treat understory vegetation. 

2. The dry season application of chemicals was less effective than spray treatments 
during the wet season when plants would be more physiologically active. 

3. Difficulties in the effective dispersal of chemicals could be caused by the moun- 
tainous topography of Chu Pong. 

4. The ignition strips had been too widely spaced and this might have prevented the 
individual fire sets from adequately reinforcing each other. 

The PINK ROSE test requirements were planned to minimize all of these treatment defi- 
ciencies. The new requirements called for double spraying during the wet season w ith Orange 
and White, followed by a desiccant spray application prior to the ignition of targets. Targets 
were selected in flat topography to provide optimum flying conditions for spray coverage. 
Ignition density was increased to saturate the targets with individual fire sets. 

Despite the modifications of the forest incendiary requirements for Operation PINK ROSE, 
the three PINK ROSE tests gave conclusive evidence that tropical forest vegetation was not 
appreciably altered by fire under existing conditions. Fire has been used successfully for 
centuries in tropical regions by native people employing "slash -and-burn" agricultural tech- 
niques. Shifting agriculture burning is characterized by the felling of all, or most, trees on 
an area and the dry season curing of thisfuel just prior to burning. Tropical forests prepared 
in this way have produced effective fires for clearing purposes. 

Prescribing similar clearing practices during wartime is not feasible in insecure areas. 
During the follow-up stages of the Iron Triangle military operation in Vietnam in 1967, con- 
siderable tractor clearing of land was observed. The vegetation was dozed into w indrow s ;md 
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burned. The results of such clearing appeared effective, but possibilities for widescale appli- 
cation of this technique in areas which remained totally insecure appear questionable. Cost 
estimates for achieving effective land clearing through aerial bombing with high explosives 
are extremely high ($840,000 per square Kilometer) ,-^Also, such treatment may not satis- 
factorily prepare an area for subsequent burning since the resulting craters destroy horizontal 
fuel continuity at the same time that they improved vertical continuity. 

In contrast to the optimum fuel arrangement established by slash and burn techniques is 
the less flammable PINK ROSE fuel model. This model, which developed following the defoli- 
ation of standing vegetation, was characterized by: 

1. A low surface litter fuel load per unit area. 

2. A continuous surface fuel layer in the horizontal plane, but limited vertical con- 
tinuity of fine, dead fuel; standing defoliated stems usually at excessively high 
moisture content levels. 

3. A minimal level of solar insolation; although the stands are defoliated, the drying 
of surface fuels is not effectively assisted by solar radiation because of signifi- 
cant shading by branches, limbs and stems. 

The high moisture content of the numerous standing small stems combined with the other fac- 
tors formed a fuel pattern which was incapable of sustaining active combustion foil owing igni- 
tion. The low intensity test fires observed near Trai Bi did not generate ths energy required 
to influence even the small stems. Post-strike aerial and ground cfcnmtiaei and photo 
reconnaissance of PINK ROSE targets revealed the same results: ignition point sources 
burned out rapidly within forest stands with little surface spread and practically no vertical 
fire spread. 

When 1 /2-inch stems are at a moisture content of 100 percent there is not sufficient 
energy produced from the litter fire to ignite these stems. If these stems were at 10 percent 
moisture content, the litter energy level is theoretically capable of Igniting the stems. So the 


]_/ Bruit et al. Neutralization of Viet Cong Safe Havens: A Preliminary Study (U). Tech. 
Paper IlAC-TP-191, 1965, 74 pp. 
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SECRET 


problem to date in forest incenc’iary attacks in Vietnam appears to be the inability to effec- 
tively desiccate the vegetation. It is evident that current defoliation chemicals, applied in the 
volumes and concentrations now in operational practice, are not doing the desiccation job. 
Successful crown removal by fire in Vietnam will not be achieved unless techniques of actual 
chemical desiccation can be developed. 
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APPENDIX I 
PINK ROSE Test Plan 


SECRET 



REPLY TO 
ATTN OF: 

SUBJECT: 

TO: 


S6£ftfT 

DEPARTMENT OF THE AIR FORCE 
HEADQUARTERS SEVENTH AIR FORCE (PACAF) 
APO SAN FRANCISCO 96307 


26 December 1966 


PL 

PINK ROSE Test Plan (U) 

See Distribution (Pages 100 and 101) 

1. (S) This test plan is effective upon receipt and provides for the operational 
evaluation of a technique to clear forest or Jungle growth by fire. 

2. (U) The nickname for the 1967 test of this technique is "PINK R06E." 

3. (U) Task organizations will prepare supporting documents containing local 
procedures and directives as required. 

4. (U) Comments and/or recommendations for changes, additions, or deletions 
to this test plan will be addressed: Headquarters 7th Air Force (PLR), APO 
96307. 

FOR THE COMMANDER 

A. L. HILPERT, Colonel, USAF 
Deputy Chief of Staff/ Plans 


DOWNGRADED AT 3 YEAR INTERVALS; 
DECLASSIFIED AFTER 12 YEARS 
DOD DIR 52.00.10 


PL-66-00783 
RDFU Log S-025-67 
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PINK ROSE TEST PLAN 


1. References: 

a. Secret MACJ3 memorandum dated 7 Oct 60 to Commander 7AF and JRATA. 

b. Secret COMUSMACV message DTG 050830Z Oct 66 to OSD. 

c. Secret COMUSMACV message DTG 011528Z Jul 66 to CINCPAC. 

d. Secret US Department of Agriculture Forest Service Final Report - Phase I, Forest 
Fire Research, Volume 1. 

2. Purpose: 

To determine the techniques and conditions required to destroy large areas of forest or 
jungle growth by fire. 

3. Background: 

In September 1965, CINCPAC recommended to the Joint Chiefs of Staff that an imme- 
diate requirement be established to develop a capability to destroy by fire large areas of for- 
est and jungle growth in Southeast Asia. This request was approved by the Joint Chiefs of 
Staff and the Director of Defense Research and Engineering directed the Advanced Research 
Projects Agency (ARPA) to accomplish the required research tasks. The Forest Service, 
under contract to ARPA, researched this problem in Vietnam and collected data. A test op- 
eration was conducted at Chu Pong mountain (YA 88 02) near Pleiku. Bum of this area was 
accomplished on 11 March 1966 by B-52 strikes (HOT TIP I & II). The area selected had 
previously been defoliated and incendiaries were dropped to ignite the area to be burned. It 
was concluded that although results of HOT TIP were indeterminate, sufficient information 
did exist to warrant proceeding with project PINK ROSE in three areas selected within War 
Zones C and D. 

4. Technique: 

During the period August - December 1966, selected areas will be defoliated twice by 
C-123 aircraft using orange or white herbicide dispensed from standard dispensers. Selected 
areas will be resprayed using blue desiccant approximately ten daya before ignition. In late 
January and late February 1967, the selected areas will be bombed by B-52 aircraft using 




M ~ > Ineendiary Cluster Bombs. The ensuing forest fire is expected to consume the dried 
vegetation and denude the target sufficiently to deny its use as a safe haven. 

Objectives: 

a. Validate conclusions reached from previous research on optimum techniques for de- 
struction of forest/jungle areas in Vietnam by fire. 

b. Determine feasibility of employing PINK ROSE techniques as routine operational 
programs. 

c. Determine supplemental advantages gained by use of burn techniques following defo- 
liation over use of defoliation techniques alone. 

d. Determine magnitude of possible long-range benefits derived from PINK ROSE tech- 
niques. 

G. Discussion: 

a. Selection of Specific Targets for Burn. 

(1) War Zone and D arc elements of the 1966-1907 MACV-GVN defoliation pro- 
gram. Three areas have been selected as representative forest/jungle growth for PINK 
ROSE tests. Each is a square having sides of seven kilometers and each contains approxi- 
mately 12,000 acres of jungle. These areas also contain known and suspected VC/NVA in- 
stallations. 

(2) A target map is attached as Appendix 1. 

b. Lelection of date for Target Burn: 

(1) Optimum conditions for a forest/jungle burn exist on a hot, dry, relatively cloud- 
less day. Work accomplished during Phase I of Project EMOTE, (Reference 4) indicates that 
the number of days when forest incendiary operations are possible within the potential target 
areas is greatest during January and February. These two months have the least rainfall and 
most nearly meet the optimum requirements. For these reasons, late January has been se- 
lected for date of first test burn. 
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(-) Tiiis same source also indicates that the relative humidity is lowest and the 
;r:jv r. it arc is highest at approximately 1400H. Since these conditions are optimum for Rood 
tin riling, 1-101)11 has been selected as the start time for ignitions. 

(".) It is desirable that the target date be flexible for two reasons. First, operational 
requirements n.ay preempt the use of B-52 strike aircraft for higher priority targets. Se- 
cond, since wcathei plays such an important part in successful PINK ROSE operations, it 
would lie highly desirable to have the capability to delay target ignition for one to three days 
if the weather is unfavorable. 

c. Defoliation Program: 

(1) Preparation of PINK ROSE targets by aerial herbicide operations will be accom- 
plished to insure proper pra-burn conditions. 

(2) Concept of operations will be as follows: 

(a) During the period November 1966 - February 1967, continue defoliation of 
the three target areas. Herbicide operations will be conducted in three phases: 

Phase I - Initial treatment of each target area. Total target will be 
treated with three gal/acre of orange herbicide on areas A and C and three gal/acre of white 
herbicide on area B. Initial application should be completed as quickly as possible. Desired 
schedule for completion is: Area A - 14 November 1966; Area B - 16 November 1966; and 
Area C - 18 November 1966. (Note: all areas were completed by 27 November 1966.) Des- 
iccation of the upper canopy as quickly as possible is essential if the treatments arc to be ef- 
fective by the scheduled target strike dates. Orange herbicide is preferred because of quicker 
action and greater possibility for defoliation of lower canopy through volatilization. 

2. Phase II - The three targets selected for burning will be treated with a 
second herbicide application at a rate of three gal/acre. Targets A and C will be treated with 
orange and Target B will be treated with white. The following schedule is desired: Area A - 
27 Dee 1 966, Area B - 28 Dec 1966, and Area C - 26 December 1966. 

3. Phase ID - During this phase a desiccant, agent blue, (phytar), will be 
applied to half of each target area to dry dead foliage and other combustible material. Targets 
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A :m.l C will receive three gal per acre and Target B will receive 3 gal/acrc. The desiccant 
should be applied on the south half of area B and C and the west half of A approximately ten 
da\s ahead of target ignition. It should be applied at right angles to the flight lines used in 
the initial application on each area. Desired schedule is: Area A - 19-21 January 1907; Area 
B - 20-28 January 1907; and Area C - 5-7 February 1967. 

(b) Schedule and tasks for Herbicide Operations: 

1 . War Zone C was approved and ordered executed by the Joint General 
Staff for the period 5 September 1966 - 31 March 1967. W'ar Zone D was approved and or- 
dered executed by the Joint General Staff for the period 16 September 1966 - 31 March 1967. 

2 . Aircraft and herbicide requirements. 

a. The target area of forty-nine square kilometers will require 34 
sorties and 34, 000 gallons of orange/white herbicide. 

b. The first application to three targets will require 102 sorties and 
102,000 gallons of orange/white herbicide. 

c. The second application to three targets will require 102 sorties 
and 102,000 gallons of herbicide — 68,000 orange and 34,000 white. 

d. The third application applied to half the target area will require an 
additional 51 sorties and 42, 500 gallons of blue. 

e. The total herbicide requirement is 255 sorties and 246, 500 gallons 

of orange/white/blue, 
d. Ignition: 

(1) The M-35 Incendiary Cluster Bomb has been selected to provide PINK ROSE ig- 
nition. This bomb is a standard munition and is available. It weighs 750 pounds and con- 
tains a cluster of 57 M74A1 bomblets, each bomblet containing 2. 75 pounds of PT1 incendiary 
filling. The bomb cluster is normally set to open at an altitude of 5000 feet. 

(2) In order to effectively ignite one selected target, 1260 M-35 bombs must be 
dropped (42 for each of 30 aircraft). Since three targets have been selected and prcpax’ed, 
and current planning provides for strikes on all three targets, at least 3780 M-35 bombs must 
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i available to the drd Air Division on Guam* Programming should 
to include M l>ombs, M-l-1 tail fins, two M152/AN-152A1 fuzes 

arming wires. 


provide for complete units 
per bomb and M2:> type B 


(:;) Ignition of each target will be accomplisl ed by a B-52 strike of 30 aircraft. 
Each aircraft will carry 42 M-35 Incendiary Cluster Bombs. Results of a similar operation 
last year indicate the need for a greater number of ignition points than were used previously. 
Reference 4 also specifies that there should be at least one ignition point for each 8000 square 
feet. Information provided by SAC indicates that one B-52D can provide approximately one 
ignition for each f>200 square feet throughout a pattern 700 feet wide by 21000 feet long. (Ref- 
erence Secret message SAC to CINCPAC DTG 061630Z Sep 66.) Proper spacing between in- 
dividual aircraft and aircraft cells so that each 700 foot swath touches an adjacent one will 
properly saturate a square 21000 feet on a side or approximately 41 square kilometers. Use 
of synchronous techniques is desired to reduce the overall span of time between the first air- 
craft over target and the last. Also, this technique should provide a greater probability of 
uniformly saturating the target area. 

c. Weather: 


Since weather conditions so critically affect the burn potential of the target areas, 
the maximum weather information and advice obtainable must be available to the Project Of- 
ficer. If a rainfall of 0. 2 inches or greater falls in the target area, three drying days will be 
required. A rainfall of less than 0. 2 inches will require one drying day. 

f. Documentary Photography: 

Project PINK ROSE will probably be the final test of the feasibility of destroying 
forest/jungle growth by fire. Many agencies, both military and civilian, will be Interested 
in the results. It is, therefore, extremely important that this project be adequately docu- 
mented. Documentary photography will be required to cover initial planning, defoliation and 
its effects, strike aircraft support, ignition and post strike effects. 

g. Ground Reconnaissance: 


(1) The Fifth Special Forces Group will be requested to provide combat team sup- 
>"i t for four people - A Forest Service Specialist, an ARPA Observer, a MACCOC7 Rcprc- 


:’/)t:itivc and :i photographer. 


They are to be airlifted into the target area shortly after dawn 
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<>t the day following eac h incendiary strike (or as soon thereafter as ground and air conditions 
permit as determined by 3th SFG) and to be airlifted out the same day. 

(2) On-site analysis by a qualified Forest Service observer after strike can provide 
critical answers necessary to logical data analysis not obtainable by any other means. Spe- 
cific answers required are actual existing species of vegetation, lower canopy conditions, 
ground fuel type and availability, impact pattern of incendiaries, dud rate determination, ef- 
fectiveness of ignition, ground cover removal, etc. 

(3) It is desirable to obtain samples of ground fuel before strike to determine the 
true moisture content of existing fuel. Sampling kits and instructions will be provided by the 
Forest Service for use of Special Forces. If Special Forces personnel are in target area 
prior to strike, fuel samples should be obtained. A specific mission to fulfill this require- 
ment is not considered necessary. If possible, it would be highly desirable for a Forest Ser- 
vice fuels specialist to obtain samples in or near target B area prior to strike. It may be 
possible to accomplish this by operating out of the Special Forces camp at Ap Trai Bi (XT 12 
70 ). 

4) An on-site evaluation of the tactical effectiveness of the PINK ROSE technique 
can be provided by accompanying Special Forces personnel. Special Forces personnel asso- 
ciated with the post strike entry party will be interviewed by the Pink Rose Project Officer 
and their evaluation of effectiveness will be included in the PINK ROSE operational report. 

h. U. S. Department of Agriculture, Forest Service: 

(1) The Forest Service has had much experience in removing cover by fire and has 
participated in both Operation SHERWOOD FOREST (1965) and HOT TIP (1966) conducted in 
Vietnam. For PINK ROSE, the Forest Service will make available to the Project Officer a 

t 

3-man team consisting of an infra-red reconnaissance expert (team leader), a fire weather 
meteorologist and a fuels specialist. This team will arrive in Saigon approximately 9 Jan- 
uary 1907. The team will be prepared to conduct laboratory determinations of fuel moisture 
content, assist in interpretation of weather data, and provide advisory' services as requested 
by the Project Officer. 
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(2) A fire behavior specialist will arrive in Saigon on 14 January 1!)<>7. He will 
make evaluations of fire behavior during the operation and on-the-ground technical evalua- 
tions of effectiveness after the strike. He will also be available for advisory service as re- 
quested by the Project Officer. 

(3) An herbicide specialist will be located in Bangkok during January. He will be 
available for PINK ROSE on Request. Under its contract to ARPA, the Forest Service will be 
conducting research in Vietnam after the conclusion of PINK ROSE. Forest Service personnel 
will be available for assistance in compiling or analysing data for inclusion in the operational 
report as requested oy the Project Officer. Forest Service personnel will be returning to 
CONUS approximately 1 March 1967. 

i. Aerial Reconnaissance: 

(1) Analysis of target area data furnished by aerial reconnaissance will provide the 
major input for the technical evaluation of Project PINK ROSE. Requirements can be grouped 
into three areas - infrared photography, simultaneous dual color photography, and infrared 
coverage. 

(2) The targets will be very hot. Unless precautions are taken during IR readouts, 
amplifier saturation and DC-level shift will occur obscuring terrain detail on the non-hot 
areas. Terrain detail is essential for data analysis. Smoke in the area will prevent location 
of the target center by visual means. Real time viewing of IR signals will be required to lo- 
cate flight lines. Severe turbulence is expected in the convection column and it should be 
avoided if possible. Specific requirements follow and will be required for each of the three 
targets. 

(a) Infrared Photography: 

JL. Area: Complete coverage - a square, 7 km on a side. 

2. Filter: Wratten 12 or minus Blue (yellow). 

3. Film: IR black and white. 

4. Resolution: Three inch ground 

5. Overlap: 55 - 65% 
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6. S idelap: 30% 

T. Scale: Not less than 5000 feet/frame. 

8. Date required: Prestrike - between 1 December 1966 and strike date; 
Poststrike - three to five days after strike. 

9. Clear sky and high sun are desirable to minimize shadows. 

10. Individual 1:8,000 scale mosaics of this coverage are desired as soon 
as possible after strike. 

(b) Color Photography: 

1. Area: Sample coverage of each area simultaneously in two colors. Ap- 
proximately two percent area coverage is required. It should consist of strips flown at right 
angles to each other. North-South strips should be flown during prestrike photography; East- 
West strips should be flown during postrlke photography. 

2. Film 1: High Speed Ektachrome. 

Film 2: CD Color (Camouflage Detection). 

3. Filter 1: Haze. 

Filter 2: Minus Blue or G. 

4. Resolution: 1 inch ground. 

5. Overlap: 55 - 70%. 

6. Sidelap: None. 

7. Date required: Prestrike - three to five days before strike ; Poststrike - 
three to five days after strike. 

(c) Infrared: 

1. Spectral Region: 8-14 microns. 

2. Resolution: 2 milliradians. 

3. Viewing: Real Time. 
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4. Recording: 5 inch film and magnetic tape. 
j>. Scan Angle: 120 degrees. 

6. Flight Altitude: 10, 000 feet. 

2. Time: Start as soon after strike as possible. Runs will be made at 

five minute intervals for 30 minutes (six runs). Additional runs at 30 minute intervals will be 
made for the next two hours (4 runs). One run is required the day after the strike, preferably 
between 1100H and 1400H. 

j. Forward Air Controller Support: 

(1) Support from Forward Air Controllers in the following locations will be re- 
quired - Tay Ninh, An Loc and Xuan Loc. Support required will consist of routine direction 
of 12 ACS operations prior to strike, visual observations of target area, and aerial photog- 
graphy in conjunction with normal missions. 

(2) Support of 12ACS RANCH HAND operations already is being provided and will not 
be further affected by PINK ROSE, tt is desirable to have reports from Forward Air Control- 
lers on precipitation or lack of it in the target area starting three days before strike date. 
This report can be called by telephone to the TACC after normal daily flights are completed. 
The 600th Photo Squadron will provide photographic documentation of Project PINK ROSE. 
Occasional flights by aerial photographers in Forward Air Conti oiler aircraft are required. 
These will be conducted in conjunction with normal missions. 

k. Psychological operations: 

Psychological operations exploitation of B-52 (Arc Light) strikes will continue in 
accordance with existing instructions to Q Field Force V, 

l. Data Collection: 

(1) Forest Service personnel, from the U. S. Department of Agriculture, will col- 
lect technical data and publish technical reports for the PINK ROSE operation. 

(2) Support requirements will be obtained through the Seventh Air Force Project 

Officer. 

(.j) Data collection will generally be in accordance with the following outline. 
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(a) Defoliation Program - Obtain maps from the 12th Air Commando Squadron 
of each area (1/50,000 scale) shoving the area sprayed each day by date, the chemical used 
and the rate of application. 


plan. 


a) Weather - Obtain copies of all data as specified in paragraph 7c(4) of this 

(c) Fuels - Obtain: 

1. Samples of both treated and untreated leaves and twigs for fuel moisture 

determination. 

2. Samples of ground litter for determination of fuel loading. 

3. Herbarium records of species composition of each target area. 

(d) Ordnance and Delivery - Obtain: 

b Copy of frag orders for each target. 

2. Copy of SAC debriefing information to include time of first and last 
bomb on each target; number of aircraft and bomb load; and formation type, altitude and air- 
speed during strike. 


3. Depth of penetration of individual Incendiaries by soil type supported by 


B&W photos. 


4. Typical ejection pattern of individual incendiaries and extent of varia- 
tion from the typical pattern (to be determined by analysis of infrared film). 

5. Copies of all available photography taken by SAC. 

(e) Fire Behavior - Obtain: 

1. Rate of fire spread and time of coalescence (to be determined by analy- 
sis of infrared film). 

2. Rate of rise of convection column by five minute time intervals. 

3. Height of column at condensation level. 

4. Height of column at icing level. 
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5. Diameter of column at base, smoke fallout junction, icing zone and top. 

6. Copies of all photography taken during strike. 

(0 Fire Effects - Obtain: 

1_. Increase in vertical visibility (to be obtained from pre and post-strike 

photography). 

2. Increase in horizontal visibility support by B&W photographs. 

3. Samples of partially burned fuels for residual energy determination. 

4. Depth of char measurements on standing stems. 

5. Measurement of stub diameters by height class. 

6. Photographic documentation of casualties produced and damage to tar- 
gets of military interest. 

m. Command and Control: 

(1) The normal command channels of all participating units will be used to conduct 

this test, 

(2) MACV COC-8will task the Third Air Division for B-52 support for this mission. 
Execution of SAC forces will remain with the Strategic Air Command. PINK R06E require- 
ments will conform with existing Arc Light procedures. 

(3) The Seventh Air Force TACC will control all other aircraft participating in this 

test. 

(4) The Project Officer, having evaluated information provided by weather officers, 
the Seventh Air Force SACLO, Forest Service representative, and FAC reports, will request 
MACV COC to frag strike units for ignition missions. He will also request the Seventh Air 
Force TACC Plans Division to frag photo reconnaissance units and documentary photo units. 
The m DASC will frag FAC units for necessary support missions. The current Operations 
Division, in coordination with the Project Officer, will issue any necessary instructions to 



recall the B-52 force through MACV COC-8 to Third Air Division. Recall could be from Sev- 
enth Air Force if necessary. This instruction to recall would normally only be requested in 
the event of unfavorable weather which would negate test. 

(5) During the execution phase, the Project Officer will closely monitor all con- 
ditions affecting desired test results. He will have the authority to cancel a tasked mission at 
any time that unfavorable conditions preclude optimum test results. Cancellations and subse- 
quent rescheduling of missions will be relayed to participating units through normal control 
agencies. 

7. Support Requirements: 

a. MACV will be requested to: 

(1) Execute defoliation program within priority as specified in paragraph 6c. 

(2) Provide coordination with US Army to obtain support from Fifth Special Forces 
Group as specified in paragraph 6g. 

(3) Provide coordination with SAC/3rd Air Division to assure necessary strike air- 
craft support. K-17 camera film of strike is requested if conditions permit. 

b. Seventh .Air Force will: 

(1) Provide through the TACC, fragging for the photographic reconnaissance mis- 
sions and the documentary photographic missions. 

(2) Provide through the m DASC, Forward Air Controller Support of defoliation op- 
erations. 

(3) Provide through the IQ DASC, Forward Air Controller visual observations in 
target areas as specified in paragraph 6J. 

(4) Provide through the QI DASC, observation flights for photographic personnel as 
specified in paragraph 6j. 

c. First Weather Group at Tan Son Nhut will: 

(1) Provide a 1st Weather Group coordinator to monitor and coordinate all Air 
Weather Service meteorological activity in support of this plan (WGO-PL) and furnish PIBAL 
equipment to Combat Weather Team at Quan Loi to support requirements of this operation. 
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(2) Through the Fifth Weather Squadron: 

(a) Provide two PIBALS per day, maximum height of 12,000 feel at O^OOII and 
MoOll, from Quan Loi commencing on or about 12 January 1967 and continuing until the day of 
the final strike, approximately 25 February 1967. The PIBAL data will be furnished to Dct 2, 
40th Weather Squadron. 

(b) Insure that all upper air data received from US Army Meteorological Units 
at Tay Ninh, Cu Chi, and Phuoc Vinh during the period shown above are encoded and trans- 
mitted on the SEA Weather Net. 

(3) Through Det 2, 30th Weather Squadron, provide to the ARPA Staff Meteorologist 
the following data: 

(a) Weather observations from III Corps in the vicinity of the target area. 

(b) Rawinsonde data (plotting and sounding) from Tay Ninh, Cu Chi, and Phuoc 

Vinh. 

(c) Coded PIBAL information from Quan Loi. 

(d) Target Area forecast provided by Det 14, 1st W'eather Group. 

(e) Radar scope photos beginning five days before each strike, photos to be 
taken only where echoes appear on scope. On the day of the strike, pictures will !*e taken at 
10-minute intervals beginning at 1300H and continuing until the ARPA representative termin- 
ates the requirement. 

(f) Other meteorological services and/or data requested by the ARPA Staff Me- 
teorologist and coordinated through 1st W'eather Group Project Officer. 

(4) Through Det 14, First Weather Group, provide: 

(a) At approximately 64, 40, 16 and 10 hours before strike time a 24-hour 
lorccast for the target area. This forecast will contain cloud condition, surface wind in miles 
per hour, and a specific forecast of rain or no rain. If rain is forecast, the amount of pre- 
cipitation expected will be included. In addition, a lorecast of temperature in degrees F, and 
n lalive humidity for 140011 on day of strike will l»e provided. 



(lit other meteorological services and/ordata requested by the AKI’A Staff Me- 
•v o-i st and coordinated through 1st Weather Group Project Officer. 

>!. The taioth Photographic Squadron will provide documentary photographic support in 
eordani e with the following: 

(1) Motion picture format - 16mm ECO. 

(2) Still photography format - 120 and 35mm Color, 120 B&W. 

(:’•) A shooting outline will be followed as agreed to between Project Officer and 
v'orh Photographic Squadron. Basically, this will be a scenario covering initial planning, 
defoliation of selected areas and its effects, B-52 support, strike of target and post -strike 

effects. 

(4) Photography will require the following aircraft support: 

(a) One CH-3C or equivalent for D-day. 

(1)) Two each F-100F*s for D-day to photograph release of ordnance. 

(c) Two O-lF’s to photograph target area prior to D-day, on D-day, and 2-3 
days after D-day. The flights prior to and after D-day can be made with one aircraft on two 
separate flights, one for still photography and one for motion picture photography. 

(d) Two flights with RANCH HAND aircraft. 

(e) Aircraft to fly photo chase on RANCH HAND aircraft, possibly F-100 or 

CH-3C. 

<:,l The Project Officer will provide photography dates, locations, contacts, and 
print requirements and distribution. 

c. F 'i *»mcc, USDA will: 

it, r » .ie technical advisory service to OSD/ARPA RDFU-V and Project Officer 
- .(xrila’i n , i uraph fih. 

i2t r 'lilect data as specified in paragraph 6i. 
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f. OSD/ARPA RDFU-V will: 

(1) Provide technical inputs to Project PINK ROSE through Project Officer and pro- 
vide liaison between Forest Service and OSD/ARPA RDFU-V. 

(2) Direct the ARPA Staff Meteorologist to: 

(a) Coordinate with task organizations through 1st Weather Group on existing 
and future weather requirements. 

(b) Provide film for scope photography. 

g. 460th Tactical Reconnaissance Wing will: Provide reconnaissance requirements as 
specified in Section 6i. 

h. 12th Air Commando Squadron will: Provide herbicide and desiccant treatment of 
areas as specified in paragraph 6c. 

8. Time Schedule: 


PINK ROSE Project assigned to AFTU-V 
Arrival of ARPA/Forest Service Team 
Selection of three specific target areas 
Preliminary draft of Test Plan 
Coordinated Test Plan complete 
Establish weather watch 
Blue Spray of target areas 
Ignition of target areas 
Post-strike analysis 
Operational report 


4 Oct 66 
1 Nov 66 
6 Nov 66 
9 Nov 66 
15 Dec 66 
12 Jan 67 


8 Jan, 5 Feb, 10 Feb 67 
C-18 Jan; A-25 Jan* B-l Feb 67 
19 Jan, 16 Feb, 23 Feb 67 
23 Mar 67 
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Cuor.Iinatinn: 

M i 1 i t ; i : * \ Assist. m< i Command, Violnam 
MAC.J3 
MACJ34 
MACSA 

MACCOC2 
MACCOC7 
MACCOC8 
ARPA RDFU-V 
Seventh Air I- oree 
TACC 
DOSACLO 
1st Weather Group 
12th Air Commando Squadron 
31 5th Aii Commando Wing 
400th Tai Rccon Wing 
600th Photo Squadron 
U. S. Department of Agriculture 


Colonel Ci rcg« »r\ , M Dec <Hi 

Colonel Brooks, 1.1 Dee 00 

Dr, McMillan, 

Colonel Hammett, 10 Dec 00 

Colonel Stanton, l I Djc 00 

LtCol Callanan, It Dc c 00 

Colonel Lemoine, 1 1 J)ec 00 

Major Rosenthal. 15 Dec 00 

B/Gen Talbott, 15 Dec 00 
Colonel Weyant, 15 Dec 00 
LtCol Hughes, 12 Dee 00 
LtCol Dennis, 15 Dt : 00 
Colonel Bl:iir, 12 Dee 00 
Colonel Nelson, 14 Dec 00 
Capt King, 12 Dec 00 
Mr. Chandler, 0 Nov 60 


Note: Final Coordination will be with MACV J2, J3 and Director, COC, Seventh Air For 
will be with DL DO and PL, 
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OPERATION PINK ROSE 
Post Strike Evaluation of Target C 

From 0745 to 1915 on Thursday, January 19, 1967, a post strike evaluation was made of 
the effects of the January 18 incendiary raid on Target C. Landing was effected in the cast 
end of the swamp at YT 359443. Light ground fire was experienced on landing and fresh 
tracks were observed at the margin of the LZ. The evaluation party moved north from the 
LZ approximately 100-150 yards until reaching the estimated centerline of a bomb run (pro- 
bably the south plane on run 5). We then moved east along the bomb run centerline for ap- 
proximately 1 kilometer (to YT 349447), moved south to the margin of the swamp and fol- 
lowed the swamp margin back to the LZ. Observations were made in an area approximately 
1 km. long by 1/4 km. wide, or 1/2 of 1% of the entire target area. Special note was made 
of the ordnance effectiveness, defoliation effectiveness, fuel composition and fire behavior. 

ORDNANCE: 

Delivery pattern was approximately as predicted. The pattern was planned to give an 
average spacing of 71.1 ft. between incendiaries within a strip extending 271 ft. on each side 
of each centerline, and an average spacing of 102.2 ft. in the intervening 158 ft. between ad- 
jacent centerline strips. The actual pattern was somewhat tighter than this with average 
spacings of 50-G0 ft. along the centerline and about 120-130 ft. at the extreme edge of the 
pattern. The distance between adjacent centerlines could not be determined accurately, nor 
could the relative area receiving heavy and light concentrations. Our Impression was that 
about half the area received heavy (50 ft. spacing) and the other half light (120 ft. spacing) 
rather than the 2:1 ratio predicted. 

The dispersal of incendiary material from the tail of the canister varied from 2 to 20 ft. 
depending on the angle of penetration of the canister into the ground. No duds were found. 
However, many (perhaps 20") bomblets were prematurely activated by contact with tree 
branches before reaching the ground, and thermite ejecta was found up to 50 ft. from these 
bomblet casings. Such premature activation would be lulpfal in sprvwiSiqt fire providing that 
the liquid material would also reach the ground before fawn**.. «. Because of the highly fire 
resistant nature of the ground fuels at the time of the str&e. ould w* determine whether 
material other than thermite had come down hot. 
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From thermite ejecta found remote from bomblet casings in the swamp where contact 
with trees was impossible, it was evident that some additional bomblcts had also activated 
prematurely, probably at the time of the main M-30 canister opening. These should Ik.* con- 
sidered as duds since ejected material would burn out in the 5000 ft. free fall after canister 
opening. 

Except in the swamp, bomblets did not bury themselves deeper than 2/3 the length of the 
casing, even though the ground in the forest was quite moist and soft. In the swamp, bomb- 
lcts often buried themselves completely. But in all cases where bomblets were located, tail 
ejection had been sufficiently forceful to eject incendiary material at least a foot or two be- 
yond the impact crater. 

In summary, the M-74 munition in the M-35 cluster mode, dropped with a 5000 ft. fuse 
altitude is an acceptable and effective ordnance for forest ignition. 

DEFOLIATION 

Measured by color change, the double sprayings one month apart were extraordinarily 
effective in desiccating heavy triple canopy. The final spray with contact desiccant produces 
no color change, and since the weather precluded moisture measurements or meaningful fire 
l>chavior observations, no evaluation of the effectiveness of contact desiccants on this opera- 
tion is possible. 

The overstory was almost completely killed and about 80% of the leaves had fallen. The 
middle canopy was 80% dead and had lost 15-25% of its leaves. The 20% of green material 
remaining in the middle canopy appeared to be a result of species susceptibility rather than 
spray penetration. The understory was about half dead - half green with clear evidence of 
both species susceptibility and differential spray penetration. Nearly 80% of the bamboo type 
species were green, about 1/2 of the low palmetto types appeared dead, and nearly all broad- 
leaved vines and shrubs were killed. 

FUEL COMPOSITION: 

Fuels In the surveyed area of Target Cwere heavy by Vietnamese standards. Total avail- 
able fuels were estimated at 35-40 tons per acre. The understory vegetation averaged about 
15 ft. In height and consisted of a mixture of palmetto types, bamboo types, broadleaved 
vines and tree seedlings. The middle canopy averaged 30-50 ft. in height and consisted almost 
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entirely dl broadl caved tree species, mostly suppressed or shade tolerant t\ pcs with large, 
,hlVk lt':"cs. The upper canopy was 80-120 ft. high. Since most of the upi>or canopy was de- 
foliated, species identification was difficult. Judging from the leaf litter on the ground, the 
predominant species had small, thin leaves similar to ash or poplar. 

The litter layer averaged 3/4 inch to 1-1/2 inches in depth. About 2/.”* of the litter ap- 
peared to have come from the defoliated upper canopy. Horizontal distribution of litter was 
uniform. There were no barriers to fire spread with the exception of puddles of standing 
water in areas of poorest drainage. 

Vertical continuity was also good. Although the vines and suppressed seedlings alone did 
not have sufficient fine fuels to carry fire into the middle story crowns, about 1/4 of the for- 
ested area had sufficient additional fuel in dead brush and bamboo types to initiate crowning in 
the middle canopy. 

FIRE BEHAVIOR: 

Essentially nil. Free burning spread outside the immediate vicinity of incendiary sets 
was confined to open grassy areas of good drainage such as the Dong Bo abandoned landing 
strip, and the road banks on highway 323. In th* area surveyed by the evaluation team, it 
was a rare fire that spread more than 2 feet from the parent ignition source, and many spread 
only a few inches. The only fires still burning on Thursday morning were in ilcad stumps, 
snags, and limb crotches where dry wood had been sheltered from the rain. In no observed 
instance was aerial vegetation ignited by fire in ground fuels. Fires in standing trees had 
evidently started from direct contact with incendiary material. 

These observations indicate that litter fuels were at or above their fiber saturation mois- 
ture content at the time of the strike (1410-1450 Jan. 18). Either rain had fallen in the morn- 
ing of the 18th, or drying conditions were Insufficient to remove the water absorbed from dew 
or ground fog during the night. 

In summary. Target C was just too wet to burn on the afternoon of Jan. IS. 

Craig Chandler 
U. S. Forest Service 
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OPERATION PINK ROSE 
Post Strike Evaluation of Target A 

F r<»ni 1 0 : ;0 to 1230 on Sunday, January 29, 1967, a post strike evaluation was made of the 
effects of the Jan. 28 incendiary raid on Target A. Landing could not be effected in either of 
the two potential LZ sites due to intense ground fire and the lead pilots estimate that both 
sites were booby-trapped. Consequently, evaluation was limited to low level aerial sweeps 
over the target. No information was obtainable on ordnance effectiveness, but special note 
was made of defoliation effectiveness, fuel com|meitiniL» and fire behavior. 

DEFOLIATION: 

Measured by color change, about 70% of tkt lo re at e d area had been completely killed by 
double spraying. Ten percent of the area had up to £5% green leaves mixed with the brown, 
and 20% of the area had from 25-50% green leaves. The "greener" areas were all in locations 
with double canopy, and were concentrated in fairly large blocks of 2-5000 acres. Not all 
double canopy showed green; in fact, most double canopy appeared completely dead at all 
levels. Riparian sites with palm type understories seemed exceptionally susceptible to chem- 
ical treatment. 

In summary, desiccation efforts on Target A were effective, so far as could be deter- 
mined from aerial inspection. 

FUEL COM POSITION: 

Fuels in Target A were slightly lighter than the average for Vietnam. Estimated weights 
of potentially available fuel were 4-5 tons per acre in the grassy clearings, 10-15 tons per 
acre in single canopy sites, and 20-25 tons per acre in double canopy sites. (It should be 
noted that aerial estimates of fuel weight are not too reliable.) 

Species composition could not be determined from the air, except for the fact that palm 
type understories were confined to streambank and marshy sites. Overstory composition 
was probably different between single and double canopy sites, since trees on single canopy 
sites had lost virtually all of their leaves, while upper story trees on double canopy sites 
iv!:ura.'il appreciable foliage, probably more than half. 
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Vertical t-ont i i >r. it\ could not he readily determined, but appeared to lie adequate to sup- 
crown fires in most double canopy sites. Crown fires could not be expected in single 
v n:-.cp\ sites liecausc of the excessive loss of crown foliage. 

In summary, at least one third of the area had sufficient fuel, brown and arranged so 
that, from close aerial inspection, it should have supported crown fires. 

FERE BEHAVIOR: 

Only in the grassy clearings did fires spread well. Flame heights in the clearings 
reached 10-15 feet. Chemical treatment had no apparent effect on these clearing fires which 
burned identically to "farmer" burns of similar clearings in untreated areas under similar 
weather conditions. 

Many downed logs and “nags burned fast, hot, and completely, leaving residues of white 
ash (a sign of good environmental conditions). Even the trunks of some trees uprooted by the 
December, 1906 B-52 strike burned to white ash, showing a higher rate of drying in heavy 
fuels than anticipated. 

Under single canopy, fires spread in ground litter for about 15 feet on each side of the 
incendiary set before dying out. Under double canopy, ground litter fires spread only about 
6 feet on cither side of the parent ignition source. 

Approximately 75% of the area in clearings burned over, while only about 9-12% of the 
ground area under single canopy and about 3-5% of the ground area under double canopy 
burned. The extent to which these fires removed underbrush could not be determined from 
the air. Crown canopy removal was definitely negligible. 

The incendiary strike on Target A can be considered as a definitive test of the operational 
feasibility of removing crown cover by fire in Vietnamese forests. The target was selected 
as being better than average in vertical continuity. The area was double sprayed with herbi- 
cides with visually satisfactory results. The weather was as nearly optimum for burning as 
can lie reasonably expected In Vietnam. Incendiary spacing was adequate to produce rein- 
forcing fires. But even under this favorable combination of circumstances, it was impos- 
sible to reduce the overall fuel moisture content sufficiently to produce a crown fire. 

Craig Chandler 
U. S. Forest Service 
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APPENDIX HI 

Memorandum: Dr. W. G. McMillan to Gen. W. C. Westmoreland 

12 February, 1967 
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HEADQUARTERS 

UNITED STATES MILITARY ASSISTANCE COMMAND, VIETNAM 
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1. Purpose 

This note constitutes a preliminary and informal summary of the results of the two 
PINK ROSE tests so far conducted under ARPA Project EMOTE, and discusses the advisa- 
bility of continuing with the projected third and final test. Although the opinions expressed 
here are mine, I have had the benefit of extensive conversations with Colonel C. E. Hammett 
(MACSA), Lt. Colonel K. A. Davidson (7* AF), Major H. M. Rosenthal (ARPA-RDFU-V), 
and Messrs. C. Chandler and Hirsch (US Forest Service). 

2. Background 

As shown in Table 1 below, there have been altogether four attempts to produce 
large-scale fires in the Jungle areas of South Vietnam. 
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TABLE 1. INCENDIARY OPERATIONS IN SOUTH VIETNAM 


Location Ordnance 


Test 

Date 

Province 

Target 

Coords 

Area 

(krnfl 

#A/C 

Diesel Oil 
(Metric T) 

Napalm 
(Metric T) 

#M-35 

Clusters 

SHERWOOD 

FOREST 

31. m. 65 

Tay Ninh 

Bol Lot 
Woods 

XT5035 

154 

8 B57 
29 A1E 

96 

2.0 

64 

HOT TIP 

11. m. 66 

Pleiku 

Chu Pong 
Mountain 

YA8900 

14 

24 Cl 23 
13 B52 


0. 25 

255 

PINK 
P.06E I 

18. L 67 

Long 

Khanh 

War Zone D 
(Target C) 

YT3744 

49 

30 B52 

- 

- 

1260 

PINK 
R06E n 

28. L 67 

Tay Ninh 

War Zone C 
(Target A) 

XT5580 

49 

30 BG2 

- 

mm 

1260 

PINK 
HOSE m 

20.B-67? Tay Ninh 

War Zone C 
(Target B) 

XT1178 

vi 

30 B52 
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Based on the information gained from SHERWOOD FOREST and HOT TIP, an attempt was 
made to design the PINK ROSE series to optimize defoliation and choice of weather conditions. 
Accordingly, three areas (Targets A, B & C) 7x7 km were defoliated during fall I960. Tar- 
gets C and A were struck in January, with each of 30 B-52's dropping 42 M-35 incendiary 
cluster bombs fuzed to scatter their 57 M-74 incendiaries at «** 1km altitude. Each M-74 in- 
cendiary' consists of a nose-fuzed thermite stick surrounded by a cylinder containing 1.25kg 
of PT1 Jellied hydrocarbon which is ejected rearward into a band perhaps 0. 5m wide and 
- :5m long, depending on angle of incidence. With the seeding density of incendiaries used, 
a regular distribution on a square lattice would have yielded a spacing of 26m between igni- 
tion points. 

Meteorological conditions for the tests are given in Table 2. 


TABLE 2. METEOROLOGICAL TEST CONDITIONS 




ft Days 

Temp 

RH 

WIND 

CLOUD 

~ — -1 

Time 

Since Rain 

(°F) 


ftt) 

Cover 

- .Vi'PD 








1 GOO 

0 

74 

72 

2 

10/10 

HOT TIP 

1400 

9 

94 

45 

10 

2/10 

PI.VK ROSE I 

1400 

15 

84 

65 

0 

*0/10 







(w. mist) 

PINK ROSE II 

1400 

5 

92 

52 

0 

2/10 


•*. Principal Technical Results 

The results of the four tests are summarized In Table 3. 


TABLE 3. INCENDIARY TEST RESULTS 

Guesstimated % Burned 


Tost 

Smoke 

Cloud 
Rise (km) 

m 

Post 

Recce 

Grassland 

Forest 

Floor 

Crown 

Expls/ 

Fires 

SHERWOOD 

FOREST 

dense 

2.5 

— 

aerial 

5 

< 1 

<1 

>5 

HOT TIP 

v dense 

C.5 

— 

aerial 

DNA 

30 

17 

7 

PINK ROSE I 

dense 

1.5 

good 

ground 

50 

2 

0 

>3 

PINK ROSE H 

v dense 

3.0 

poor 

aerial 

75 

10 

<1 

>15 


From the meteorological conditions alone — particularly the number of contiguous 
!>ri ■ <!.t.s without rain — it is clear in retrospect that only HOT TIP and PINK ROSE II had 
tin a remote chance of producing extensive burning. In fact, ground follow-up the day after 
id: K li'iSE I found the ground actually muddy in some places. Messrs Chandler and Hirsch 
i : IS Forest Service attribute the relative excellence of HOT TIP, especially the crown 

anmarily to the mountainous terrain. That forest fires burn more fiercely on uphill 
i • - presumably due to a combination of better heat transfer ahead of the fire, favorable 

I greater dryness resulting from good drainage. 



seewrr 

In the absence of adequate ground post-reconnaissance, several indirect factors must 
!v used to arrive at an estimate of the extent of bum. The height of cloud rise, coupled viih 
information on the local temperature structure of the atmosphere provides an estimate of the 
total heat lilx'i atcd. Aerial photography is useful in estimating the extent of grassland and 
crown fires, but does not yield information on the understory burn when the canopy is unaf- 
fected. 

The intent of the IR measurements is to determine the spreading rate of the under- 
story fires and to follow the persistence of hot spots, both of which yield information on the 
fuel condition and fire intensity. Unfortunately the only successful IR measurements were 
those on PINK ROSE I, for which there was very slight (-15cm) spreading about the ignition 
points. 

It is virtually impossible to convert visual observations on the smoke into anything 
Quantitative. While some fuels give smokes having characteristic colors, the ^olor of wood 
smoke apparently depends to a considerable extent upon both particle size and moisture con- 
tent. 


The Forest Service representatives have provided the estimates given in Table 4 
for vegetation amounts in the several types of South Vietnam jungles. 

TABLE 4. TYPICAL FUEL DISTRIBUTIONS IN SOUTH VIETNAM JUNGLES 


Understorv Fuels (Below :im) 



Grass & Leaf Litter 

Leaves 

Twigs < 

lem Dia. 

Jungle tvpo 

Drv Wt* 

Water 

Drv Wt* 

Water 

Dry Wt* 

Water 

Grassland 

10-12 

@ 8-11 





Single Canopy 

7 

@ 9-12 

4.5 

@ 8-11 

5 

(n 40-50 




0.5 

@120-150 

15 

*U 20-1 50 

Douglc Canopy 

10 

@10-13 

10 

6 9-12 

6 

M 40-50 




2 

@120-150 

20 

Ml 20-1 50 

Triple Canopy 

IS 

@12-15 

15 

W 11-14 

8 

40-50 




15 

@120-150 

22 

m 1 20—1 50 


* Me t l ie tens per hectare (1 hectare = 0.01 km“ = 2.47 acre) 



t. Theoretical Orientation 


In order to estimate the conditions required for effective jungle burning and to as- 
whether our test conditions are anywhere close to these, we here examine the various 
s*>urv *s and sinks of heat energy for the burning process. A convenient unit of energy in 
which to express the various heat quantities is the Solar Minute (SM), i.e. , the radiant energy 
received from the sun per minute per unit area (at the equatorial zenith). The magnitude of 
the SM unit is 0. 8x10 erg per hectare, or 0. 2 tons HE equivalent per hectare. 

Since the energy liberated by burning (dry) wood to completion is approximately 4 
times that from the explosion of an equivalent weight of HE, we may express the amount of 
heat released Q per hectare in terms of the dry weight W (tons/hectare) of fuel burned as* 

Q = 20 W (SM). (1) 

If the fuel contains water in weight-fraction f, the heat investment n-ee»*ary to vaporize 
the water would be 

Q y = 3. 0 Wf (SM). <2) 

Since the wood won’t burn at the boiling point of water (100°C) we must Invest enough addi- 
tional heat Qp to bring the fuel to the ignition point, which I estimate to be 300°C. This ad- 
ditional heat investment is 

Qp = 1.0 W (SM). (3 ) 

Finally we need to include the heat of combustion q (per hectare) of the incendiary ordnance 
itself. 

Combining the heat generated by the burning vegetation and ordnance fuel, and as- 
signing a heat transfer efficiency rj for the process of drying out and bringing the vegetation 
ahead of the fire to the ignition point, the excess heat is simply 

excess heat - [ rj (20 ♦ q/W) - (3. Of ♦ 1.0) J W. (4) 

•Parenthetically, one might well ask why a forest fire has so mt ' more destructive effect 
than say 20 W minutes of sunshine. The reason Is that the heat fi the fire at the burning 
iront is greatly concentrated in both space and time, leading to a temperature high enough to 

propagate. 




A large |M>sitivc excess heat should lead to good burning, while a small <>r negative 
excess will give very little area burned outside that aetuallv splattered by the ordnance fuel. 

For the 72,000 M-74 incendiaries in the 49 km 2 of PINK ROSE I or II, the heat con- 
tribution q of the ordnance is readily calculated to be 

q = 0.9(SM). (5) 

Since to represent a significant burn W must be greater than — 1 (metric ton/heetarc), q/W is 
negligibly small in comparison with the additive 20 in Eq. (4). 

The heat transfer efficiency yj is very hard to estimate, since it depends sensitively 
upon the geometry of the fuel (e. g. , logs lying in contact with tinder arc more easily ignited}. 
However, we may turn the question around by estimating what value of the heat transfer effi- 
ciency would be necessary to give zero excess heat, and see if that value appears feasible of 
achievement. Setting the excess heat in the above equation equal to zero and solving for the 
efficiency, we obtain 

f) = (3. Of + 1. 0)/20 = 0.1 5f ♦ 0 . 03 . (6) 

Thus, for a moisture content f * 0.1 (Le., 10%), ~ 7%; while for f = 1.01J -20',. 

We know from the existence of forest Ores in western US that the efficiencies — 5-10% 
predicted by Eq. (<>) to be required for burning dry dense vegetation containing only 10-20% 
moisture are indeed achievable. Even greater efficiencies are possible on mountain slopes 
under favorable meteorological and geometrical conditions. But the likelihood of achievirg 
anything approaching the necessary 20% or greater efficiency in the flat, moist jungles of 
South Vietnam seems very small. 

It shnuld be emphasized that the above calculation is for orientation purposes only, 
and glosses over ««*H» important points as the fuel distribution, the variable moisture content, 
the poor contact of the understory fuels with the standing trees and canopy, and the critical 
question of the rate of the burning process as opposed to the thermodynamic admissibility, 
which is all this calculation addresses. 



.*). Outstanding Technical Questions 

With the possible availability of one last test of the PINK ROSE series, we may ask 
what technical questions remain unanswered and what test parameters might be altered to 
make operational effectiveness more likely. 

a) Meteorology - Several days, perhaps preferably even two weeks, of dry hot 
weather should precede the test. In HI CTZ the weather for late February or early March is 
probably as good for this purpose as we are likely to get. 

b) Time of Day -In examining whether 1400 hours is the best delivery time we con- 
sidered the possibility that the late- afternoon beginning of the nocturnal inversion might en- 
hance the fire bv hobfing the heat closer to the ground. However, prevailing opinion, based 
upon the obsorvatiou tlvt f o r es t fires subside appreci ably at sight, is that any such inversion 
enhancement would he b»o*t — compensated by the grater moisture absorbed as the after- 
noon temperature dediaes. 

c) Ordnance Density - While It is dear ; -wm the calculation of the previous section 
that a tremendous increase in ordnance dntdh raid be required to make any substantial 
contribution to the overall heat liberated, an Increase at the density of ignition points might 
cause the ignited areas to run together and, through the mutual reinforcement resulting from 
the quicker burn, promote more efficient heat-transfer and drying of the overstory fuels. 

d) Ordnance Delivery Sequence - The observation that smoking wood fires can, 
under certain conditions, be made to burst into flames by application of a match to the smoke 
leads to the question whether it might prove effective to wlthold some of the incendiaries, 
dropping them into the smoking regions perhaps 20 minutes after the first seeding. Our con- 
census is that this probably wouldn’t cause any reduction in total burn, and might increase it. 

c) Effect of Terrain - While there is little doubt that SHERWOOD FOREST and 
PINK ROSE I were not even close to being marginally successful, the firing of Target Bunder 
weather conditions similar to those of HOT TIP would permit a comparison of flatland vs 
mountain jungle burning. 

In summary, while there are some technical questions that the firing of Target B 
might help answer, it cannot be argued at this stage that these answers are likely to hold any 
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its 



pmmisc for the development of an operationally effective method of jungle burning in South 
\ictnam. Against this pessimistic view we might note, however, that these operations have 
been quite successful in burning elephant grass and even in burning a substantial portion of the 
jungle in the mountainous Chu Pong HOT TIP test, 

(b Ancillary Military Effects 

In our disappointment over not being able to produce on call a spectacular jungle 
firestorm there is danger of overlooking the not inconsiderable military effects (cf. Table 3) 
which these incendiary raids have produced, effects which may rival those of the average B-52 
bombing attack. The most significant military factors appear to be the following, 

a) Secondaries - ff several hot, dry days have preceded the strike, the junglefloor 
leaf litter and understory fuels should be dry enough to cause appreciable spread of fires from 
the ignition points. Under these circumstances it appears likely that inflammable surface 
structures and materiel would be ignited snd damaged if not destroyed. Indeed, numerous 
secondaries have been observed. While such materiel is also vulnerable to GP bombs, we 
note that the area covered in PINK ROSE I or n, 49 km 2 , is per aircraft ~ 5 times that of the 
standard B-52 strike. 

b) Smoke - While the smoke generated, even in the poor PINK ROSE I event, ap- 
peared very dense, experienced forest firefighters believe that trained personnel would have 
no difficulty surviving. Untrained personnel, on the other hand, might paruc and be overcome 
or even burned. It is not known whether the hostile rifle fire encountered by the pcst-recon- 
naissancc helicopter party on attempting to land in the PINK R06E n LZ came from mirvivors 
or from outside enemy reconnaissance units. 

c) Psychological - There may be a psychological factor in adding incendiaries to 
all the other weapons systems the enemy has to suffer. He might well ask himself: "Good 
grief! What next ?" The psychological effect would, of course, be greater If some of the 
enemy were actually killed or injured, which stresses the Importance of trying to get some 
fccdtiack from captives or Chieu Hois who may have experienced or witnessed these events. 
One rumor we haven't been able to pin down has it that some 200 VC were killed by fire on 
Chu Pong Mountain, representing about 10% of the total enemy strength believed to be located 
there — roughly the same percentage as the area burned. 


Con du sio n s and Recom m cnda tion s 


a) We foresee no real prospect of deriving a practical method of achieving jungle 
burning of military consequence in South Vietnam, at least in the humid flatlands. 

b) In the drier, higher plateaus and mountains, jungle burning might be made ef- 
fective under ideal weather conditions which, however, would seriously restrict the season 
and operational flexibility. 

c) Even in the flatlands the elephant grasslands have been demonstrated to burn 
efficiently. 

d) The favorable combination of high, dry and defoliated mountainous terrain in the 
western DMZ and panhandle might make it worthwhile to consider burning as an aid in imped- 
ing infiltration and in clearing for better observation. 

e) We have examined the possibility of substituting for Target B in PINK ROSE in 
some other area of military importance that is both mountainous and already defoliated, but 
have found no such area in South Vietnam for which there is likelihood of suitably hot and dry 
weather in the next few months. 

With respect to the advisability of firing PINK ROSE in in the Target B area, 

i) While there are some interesting technical data (e.g. , the extent of burn, size 
of twigs burned, rate of spread, etc.) which PINK ROSE m would help nail down, we cannot 
argue that these data are critical to our understanding. 

ii) Nevertheless, upon adding to the desired technical data the not inconsiderable 
potential ancillary military effects, I am moved to recommend proceeding with PINK ROSE m, 
provided this docs not interfere seriously with other demands for the 3-52 resources. 

iii) Assuming that the decision is reached to stage PINK ROSE III, I concur in the 
recommendation of the 7° AF to reduce the area to one-third of the originally planned 7x7 km 
target, without reducing the number of aircraft, in order to increase the density of ignition 

poj nt s. 

iv) I concur also in the firing date of 20 February nominated by combined ARPA/7 0 
AF PINK HOSE Pl.uining Group, subject, of course, to continuing fair weather. 




v) Finally, it is essential to have detailed post-ground reconnaissance if we are to 
obtain the technical data desired. 


W. G. McMillan 
12. 0. 67 
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FULL TRANSLATION 


. ;t;>n_nam no lire ration army 

\ : MEN _BA RIA AND WEN HOA/ PROVINCE UNIT No. 30 /TB 

CIRCULAR 


On 17 and 2S January 1007, the enemy B52 bombers dropped incendiary bombs in the vi- 
. \ uf war zone D to set fire to the forests in Suoi Bang area. 

This type of bomb was contained in boxes of 32 each. The bomb, itself resembles the con- 
: ainor -of a 57nim rccoilless rifle shell. When dropped, the boxes opened and released the 
bombs. Some pierced the soil as deep as 30cm, some lay sideways on the surface of the 
around. The bombs exploded and set fire to the forest. The phosphorous burned for about 00 
seconds, igniting tree leaves, especially dry tree leaves, because prior to the bombing the 
enemy sprayed defoliants on the target areas. 

At first the bombs produced white smoke which turned black after the forests caught fire. 
Some small bombs did not explode until five minutes after they came into contact with the ground. 

These bombs will cause insignificant casualties but some burns and damage to equipment 
(if precautionary measures are not taken). 

Precautionary Measures 

- The area around trenches must be clear of dry tree leaves for 1 to 2 meters (uncovered 
tranches must l>c camouflaged with green tree branches). 

- Trenches must be provided with covers. In the trenches there must be cans of loose 
• iisi, sand or ash to put out the fire (if the fire spreads into the trenches) or cloth mats, gunny 
sat ks, etc. . . may lx? used (bet ter when soaked in water) to cover the entrances of the trenches. 

- Documents, equipment, food and other items must be properly kept in trenches pro- 

vi « !< d with covers. 


Upon receipt of this circular various addressceo will expeditiously disseminate it to take 
pro< autionary measures in time to foil the enemy attempt and preserve our forces. 


T i n o copy No. 

DM ribution: 

1 1 Village, agencies, units, District Party 
Committee Security Section and District Unit. 

1 9 M.ir-h 1967 

For Mu* District Unit Headquarters clerk. 

> ' MINI! HOANG. 


/S/ 9 March 1967 

For the Province Unit 
Headquarters Chief of Staff, 
/S/ HA VAN THUAN 


END OF TRANSLATION 
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n« nt captured 27 March 1967, 15 km. NE of Vung Tau.) 


121 


u n c l as s i fi e D/ummom^ 

TECHNICAL REPORT 
distributed by 



DEFENSE TECHNICAL INFORMATION CENTER 

8725 JOHN J. KINGMAN ROAD 
SUITE 0944 

FT. BELVOIR, VA 22060-6218 

U NC LASSI FI E D/WMWMI 



UNCLASSIFIEP/Ll M IT E g 

Policy on the Redistribution of DTIC-Supplied Information 

As a condition for obtaining DTIC services, all information received from DTIC 
that is not clearly marked for public release will be used only to bid or perform 
work under a U.S. Government contract or grant or for purposes specifically 
authorized by the U.S. Government agency that is sponsoring access. Further, 
the information will not be published for profit or in any manner offered for sale. 

Non-compliance may result in termination of access and a requirement to 
return all information obtained from DTIC. 


NOTICE 

We are pleased to supply this document in response to your request. 

The acquisition of technical reports, notes, memorandums, etc., is an active, 
ongoing program at the Defense Technical Information Center (DTIC) that 
depends, in part, on the efforts and interest of users and contributors. 

Therefore, if you know of the existence of any significant reports, etc., that are 
not in the DTIC collection, we would appreciate receiving copies or information 
related to their sources and availability. 

The appropriate regulations are Department of Defense Directive 3200.12, 
DoD Scientific and Technical Information Program; Department of Defense 
Directive 5230.24, Distribution Statements on Technical Documents; National 
Information Standards Organization (NISO) Standard Z39. 1 8- 1 995, Scientific 
and Technical Reports - Elements, Organization and Design;Department of 
Defense 5200. 1-R, Information Security Program Regulation. 

Our Programs Management Branch, DTIC-OCP, will assist in resolving 
any questions you may have concerning documents to be submitted. Telephone 
numbers for that office are (703) 767-8040, or DSN 427-8040. The Reference 
and Retrieval Division, DTIC-BR, will assist in document identification, 
ordering and related questions. Telephone numbers for that office are 
(703) 767-8274 or DSN 427-8274. 


! 


DO NOT RETURN THIS DOCUMENT TO DTIC J 

EACH ACTIVITY IS RESPONSIBLE FOR DESTRUCTION OF THIS J 
DOCUMENT ACCORDING TO APPLICABLE REGULATIONS. ; 


UNCLASSIFIED/UMUftfr- 



AD B 953 237 


UNAN'riO'/W 


ici^::r;Eo 






•fi IMATOLOGICAL and meteorological analysis 


OPERATION PINK ROSE (U) 


CLYDE A. O'DELL 
ESSA Heather Bureau 


L.fi i ) W 

ELECTE 


fr% ELE 

%*■> JAN 1 


»! #*. 

£ - »: * 


2 ©32 



Sponsored by 

Advanced Research Projects Agency 
Remote Area Conflict 
ARPA Order Ncf. 818 r ! 

— jit**** 




1 2 JAV to?? 
.. c r : 

'f-£ 


V- 

1968 Pacific Southwest Forest and Range Experiment Station 
p. o. Box 5007, Riverside, California 92507 
Forest Service - U. S. Department of Agriculture 


-7 


ARPA Cont. No. 7727 


82 01 12 080 




^ ^Sgjf-y ear inters 
\^ed *lTfcacl2 years 
m £1r. 52007*/; 






'*1 


** \ 


/ * n 

i- 

- ' •'• ... 


!? 

*S# 



CLIMATOLOGICAL AND METEOROLOGICAL ANALYSIS 
FOR 

OPERATION PINK ROSE (U) 


by 

CLYDE A. O'DELL 
ESSA Weather Bureau 





Sponsored by 

Advanced Research Projects Agency 
Remote Area Conflict , 

ARPA Order No. 818 



1968 Pacific Southwest Forest and Range Experiment Station 
P. 0. Box 5007, Riverside, California 92507 
Forest Service - U. S. Department of Agriculture 


ARPA Coitt . No. 7727 



■J 


CONTENTS 



Page 


Acknowledgement 

Summary 

The Synoptic Climatology of Southeast Asia 
Northeast and Southwest Monsoon 
Sub-Tropical Jet Stream 
Termination of the Dry Period 
Synoptic Scale Weather Systems in the Cool Season 
Crachin 

Tropical Trough 
West China Trough 

Tropical Cyclones and Easterly Waves 
Meso-scale Systems 
Local Effects 

Fire Weather Probability in Southeast Asia 
Assumptions and Limitations of Data 
Computation of Fire Weather Probabilities 
Single Sites 
Multiple Sites 
Unconditional Probabilities 
Days thav Bumirg Operations are Possible 
Analysis of Number of Days that Burning is Possible 


1 

2 

4 

4 

6 

6 

7 

7 

8 
9 

10 

12 

12 

13 

13 

16 

16 

20 

22 

22 

23 



The Burning Experiments 


36 



Pirk Rose II, Area A, 28 January 1967 50 

Pink Rose III, Area B, 4 April 1967 58 

Literature Cited 76 

Appendix .79 

Appendix 1 - Dew Point Depression as A Forecasting Aid 79 
Appendix 2 - Program for Markov Chain 82 

Appendix 3 - Dictionary of Names 84 





ACKNOWLEDGMENT 

The author is indebted to many individuals who assisted in gathering 
and processing data for this report. Personnel of the First Weather 
Group Det 14 were most helpful in providing observational data and 
forecasts while Det 2, First Weather Wing personnel, especially CaDt. 
Louis P. McNicol Is , provided special field observations. Dr. George 
Furnival assisted with programming the Markov Chain Matrix and Mr. 
Robert S. Helfman ran the data. Mr. M. M. Orgill provided background 
information on the general circulation, w hich was most helpful in 
acquainting me rather quickly with some of the major synoptic problems 
in Southeast Asia. I am most grateful to Mrs. Bernard ine Taylor for 
drafting and Mrs. Marge Hustead for typing the manuscript. 



This report is limited essentially to an analysis of climatological 
and meteorological data related to Operation Pink Rose, conducted in 
early 1967. 

A great deal of information is readily available on the general 
climate of Southeast Asia, particularly the southwest monsoon season 
and the synoptic causes of it. We were more interested in the dry- 
season (October-April) climate coirmonly referred to as the northeast 
monsoon. Littie information on this subject is available in analyzed 
form although a great deal of raw meteorological data are becoming 
available primarily due to the increased political activity in the area. 

The Siberian High dominates the Southeast Asian climate. The 
seasonal north-south movement of the Intertropical Convergence Zone (ICZ) 
controls large scale flow regimes. Together, the Siberian High and the 
ICZ are responsible for the wet and dry seasons and their intermediate 
transition periods. The southwest monsoon season is much too wet to 
conduct burning experiments in nearly all of Southeast Asia. The dry 
season is interrupted often with convectively produced shower activity, 
but at times limited burning operations may be conducted. 

Tables of statistical probabilities (see Appendix 4 ) have been 
calculated to aid in planning burning operations. In two attempts to 
arrive at meaningful probabilities we have succeeded in bracketing what 
we feel are important parameters in conducting burning operations. 

The factors most critical to successful burning are the condition 
and arrangement of fuel and the environment within which it must burn. 
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Sufficient drying after specified amounts of rain will produce burnable 
fuels. The proper environment is one in which air temperatures are 
high and relative humidities are low. The atmospheric lapse rate should 
be unstable such that a fire- produced convection column can readily form 
to heights of 30,000 feet or more. Such an atmosphere is difficult but 
not impossible to come by in Southeast Asia, specifically South Vietnam. 
Perhaps, equally difficult is fuel conditioning in an environment not 
particularly suited to drying. It has long been recognized that wind is 
a major factor in evaporation and drying. Dense tropical growth may 
have sufficient wind velocities over the canopy to adequately dry crown 
fuels, but flow is light near the ground and low-growth fuels and, sub- 
sequently, drying is poor even though temperatures are quite warm. 

Meteorological aspects of three burning experiments are discussed 
in some detail. The first experiment was a failure due primarily to 
poor fuel conditioning. The second and third experiments were moderately 


successful . 



THE SYNOPTIC CLIMATOLOST'OF SOUTHEAST ASIA 


v climate of Southeast Asia is dominated by the semi -permanent 

Siberian High and controlled by the seasonal migration of the Inter- 
tropical Convergence Zone (IC7). Two primary flow systems in the lower 
troposphere, the southwest monsoon and the northeast monsoon, together 
with the transition periods between them are responsible for a wet 
season and a dry season. 

NORTHEAST AND SOUTHWEST MONSOON 

: The fundamental cause of the I ndo-Asiatic monsoon wind system is 
differential heating (or cooling) of land areas, as compared with sur- 
rounding ocean regions. In winter, with the deficit of solar radiation 
; in northern latitudes, the land surfaces and the overlying air become 
colder than the sea surface temperatures over the surrounding Pacific 
' and Indian Oceans. This tropospheric temperature difference aids in 
the formation of the large, cold semi -permanent Siberian high pressure 
area which covers all of the Asian mainland. The clockwise low-level 
flow of air around this high pressure area results in a general north- 
east wind regime (northeast monsoon) over Southeast Asia. 

During the summer period the Asian continent is warmer than the 
surrounding oceans. The resultant temperature difference aids in forming 
a large, semi -permanent low pressure area over northern Southeast Asia 
and south of the Tibetan Plateau. The counter-clockwise circulation 
around this low pressure system results in southwest winds over much 
of Southeast Asia. These winds are known as the southwest monsoon. 

The transition from the southwest monsoon to the northeast monsoon 
takes place, at the earliest, around the latter part of September. 
Unfortunately, onset dates of the northeast monsoon have r.ot been 




established for individual years. - 

The northeast monsoon period (October^Tpri 1 ) is generally 
characterized by long rainless periods interspersed with relatively 


short rainy periods. For example, during January and February the 
majority of weather stations in Southeast Asia have or,,y, on the 
average, 1-5 days with rain above a trace. However, the topography 
of the area has an important effect on the spatial rainfall patterns 
with certain local coastal areas receiving significant amounts of 
rainfall during the normally dry period. 

During winter, surges of the monsoon alternate with lulls. Surges 
of the northeast monsoon are associated with deepening cyclones within 
the strongly frontogenetic China and Japan seas. Cyclogenesis 
accelerates the northerly flow west of the cyclone center and causes 
a "surge'-. As the cyclone passes away to the east, the monsoon grad- 
ually weakens until the next depression develops. A monsoon surge 
reaches the tropics as an east-northeast wind and, as the colder air 
moves across the much warmer seas, convection clouds rapidly form. 
Precipitation may result, especially along exposed coastal regions of 
Southeast Asia (e.g , north-central coast of Vietnam). 

Lulls between surges occur when the continental anticyclone, or 
a cell which splits off from it, moves eastward. Winds south of the 
high pressure center veer, convection clouds over the warm seas decrease 
and cooling along the coast may produce stratiform clouds. Little 
change occurs In short lulls but when they are prolonged, high pressure 
over China may break down altogether and a ridge from the Pacific anti- 
cyclone extends across the area and onto the mainland. These conditions 


may eventually lead to the development of “crachin" along the northern 
coastal regions of Vietnam. _ 
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SUB-TROPICAL JET STREAM 



During the transitional period between the southwest monsoon and 
northeast monsoon a significant, change occurs in the upper-level flow 
over south China and southeast Asia. Perhaps, the most significant feature 
is the establishment of the sub- tropical jet stream along the southern edge 
of the Himalayas. Its onset is abrupt, first becoming evident over north- 
west India in late September or early October, and then advancing down- 
stream at about 3 deg. longitude per day, Once the jet ‘stream is estab- 
lished south of the Himalayas its position remains almost stationary through 
out the dry season (Yeh 1950). 

Over the southeast Asia region, subsidence is both more intense and 
confined then ever North America. Widespread subsidence occurs south of 
the jet stream over northwest India. However, over northeast India and 
southeast Asia, north of 15N, juxtaposition of jet-stream and convergent 
upper-level (300-200 mb) southwes ter lies of equatorial origin seem to 
result in much more vigorous; subsidence downstream. The excess of air at 
high levels, which can escape neither north nor south, subsides downstream 
in a zone, which has rather rigid latitudinal limitation. It has been 
suggested that the cool-seaSon aridity of Burma, Thailand, and Indo-China 
results frxxn compensating subsidence and low-level divergence beneath upper 
convergence. (Ramage 1952). 

TERMINATION OF THE DRY PERIOD 

A pronounced warming trend over the mainland of southeast Asia and 
southern China begins in March, April and continues into May. During 
this time screen temperatures may reach extreme values varying from 100 
to 114°F. A general increase in rainfall is also observed. 





The northward advance of the monsoon westerlies (southwest monsoon) 
begins with this wanning trend but the principal advance over southeast 
Asia occurs in conjunction with tropical cyclpoenesis in the Bay of Bengal. 
The mean calendar date of the onset of the southwest monsoon has been 
established around 17 May with an approximate range of 33 days. 

The onset of the southwest monsoon ushers in the summer period of 
disturbed weather in which thunderstorms and squall-lines become more 
frequent over the south Asia regions. An inspection of daily single- 
station rainfall amounts for stations in Burma, Thailand, and the wind- 
ward side of Vietnam show general increases in the frequency and amount of 
rainfall . 

During the period of the onset of the southwest mor.soon another abrupt 
change occurs in the large-scale circulation features. The sub-tropical 
jet stream south of the Himalayas weakens and eventually disappears, the 
polar westerlies shift northward in conjunction with the sub-tropical ridge 
and eventually the upper-level winds (300-200 mb) shift to easterly direc- 
tions over all of southeast Asia. 

SYNOPTIC SCALE WEATHER SYSTEMS WITHIN THE COCL SEASON 
1. Crachin 

The "crachin" of the coastal regions of northern Indo-China and south 
China is a humid period of fogs and drizzle or light rain which sets in at 
about the time of the normal annual temperature minimum, generally toward 
the end of January, and interrupts the dry season. The crachin may persist 
into mid-April, gradually merging with the rains of the rainy season proper. 
Though there may be prolonged precipitation, the amounts recorded are small . 





It has been suggested that crachin may develop in two ways: (1) as 
the result of mixing of two nearly saturated air masses along a frontal 
surface, and (2) by surface cooling of a warm moist *ir mass. The latter 
is a’mcst always the cause of the worst and most persistent crachin. 

The trend in monsoon surges and lulls is toward an increasing number 
of easterly surges, increasingly long lulls between surges and more per- 
sistent crachin, as the dry season advances. Turbulence, topography, 
diurnal heating, andi dew point/sea temperature difference, all play impor- \ 
tant parts in determining when and where crachin will develop and what 
form it will take. The interrelation of these factors along the coast 
may be extremely complex. 

Since the vigorous crachin usually occurs in th - ' cooler trough '?gion 
west of the surface high, it is associated with local winds veering with 
height. Surges of the northeast monsoon may be important crachir. modifiers. 
However, from February onward even moderate surges may not dissipate crachin 
for the air behind the front can still be undergoing surface cooling along 
the coast. 

2. Tropical Trough 

"Tropical trough" is a name given to an upper- level disturbance which 

appears around mid-January over southern India at and above 30,000 feet. 

■ . . I ' ■ • 

The trough, moving eastward, sharply interrupts the prevailing upper 
tropospheric sou thwes ter Ties. The lower troposphere is little affected 
until the trough reaches the Andamans but from there on it intensifies and 
colder air moves in from the north. 
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Once over Thailand or Indo-China, a tropical trough may remain sta- 
tionary for a week or more. The reason for this may lie in the long-wave 
pattern of the low latitude polar westerlies. 

The first sign of the eventual dissipation of the tropical trough 
comes with reappearance of the upper southwesterl ies over southern India. 
Spreading northeast, they reestablish with the low-latitude polar wester- 
lies, creating the normal pattern of high-level convergence in the region 
of the tropical trough. The trough weakens or dissipates in situ , although 
it may sometimes move eastward if the low-latitude portion of an Asia Minor 
trough has already sorted to move eastward. The sub-tropical ridge moves 
north to its usual latitude, and weather returns to normal Winter con- 
ditions. 

\ 

The "tropical trough" occurs from three to six times in a cool season, 
but has not been observed to develop much before mid-January. From there 
on, it is increasingly common, being the major rain producer for the dry 
belt during March and April. The monthly variation in occurrence probably 
results from increasingly frequent breakdown in the upper southerlies to 
the south and west of India as the season advances. The reason for this 
is not known. 

3. West China Trough 

In winter the major Far Eastern long wave mid-latitude westerly trough 
lies along about 125°E. Surface cyclones usually develop east of this 
longitude. However, a few times (rarely more than four) every cool season 
the trough along 125°E dissipates or moves rapidly eastward. A warm ridge 
extends westward from the Pacific anticyclone bringing fine weather to China 
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and sea fog to the China coast. The Siberian anti-cyclone retreats north- 
ward and westward over south China with dew point and temperature rises, 
and pressure falls. At this state, a trough in the westerlies moving east 
from India will intensify over west China. This results in the region of 
surface cyclogenesis being displaced about 20 degrees westward. 

Occasionally, a west China trough situation lasts from ten to twenty 
days. However, when the trough finally moves eastward to its normal posi- 
tion the continental anticyclone is restored to its usual position. Toward 
the end of April this situation ceases to be of significance. 

The west China trough situation is usually favorable for "crachin" 
development but further research is necessary to establish the effect of 
this situation on the weather of southeast Asia. 

4. Tropical Cyclones and Easterly Waves 

In most parts of the wprld, during winter, the sub-tropical ridge 
slopes equatorward with height and usually reaches to within 10 to 12 
degrees latitude of the equator in the high troposphere. Over southeast 
Asia and the Philippines, however, the ridge axis above 700 mb is almost 
vertical and is found between 15 and 17°N. 

South of the ridge, in the region of deep easterly flow, disturbances 
typical of summer continue to be observed. Tropical storms or typhoons 
may persist there for several days, usually dissipating when a strong 
northeast monsoon surge feeds cold, dry surface air into the circulation. 
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Waves in the easterlies are not uncommon. They propagate slowly west- 
ward, with lew-level divergence and fire weather ahead, and low-level con- 
vergence and precipitation behind. . 

Tropical cyclones develop in the southeast Asia waters (China Sea and 
Bay of Bengal) any time of the year but are more frequent during the 
transition periods (September-November; April-May) and during the southwest 
monsoon (May-September) . 

i 

The rainfall in Indo-China and Thailand during the fall transition 
period (September-November) is due primarily to tropical cyclones moving 
from the sea to the land. During this period, especially south of 30°N, 
the situation is one of ebb and flow between the northeast monsoon and 
typhoons; the latter dominate at first, but by January only feeble storms 
or weak easterly waves penetrate west of 125°E. 

Easterly waves are relatively more common than tropical cyclones in 
mid-winter, but they seldom produce rain in the region of extremely shallow 
low-level easterlies north of the sub-tropical ;idge aloft. 

Occasionally, the superposition of a wave in the easterlies on a trough 
in the polar westerlies may result in mutual intensification and general 
rainy conditions. However, the frequency of this type of situation is 
unknown. 

Tropical cyclogenesis in the Bay of Bengal and to a lesser extent ir. 
the China Sea precedes or coincides with the onset of the southwest. monsoon. 

A large number of tropical cyclones that develop in the Bay of Bengal 
during Hay often track to the northern sections of the Bay or into Burma. 
These storms with a northward track are often accompanied with oeepening 
monsoon westerlies in their right-hand sectors. It is these westerlies 



which usher in the southwest monsoon over southeast Asia and terminate 
the prolonged winter dry period. 

MESOSCALE WEATHER SYSTEMS 

The predominate mesoscale weather system is the thunderstorm or squall 
line. During the dry season conventional surface heating aided by oro- 
graphic influences provide the possible trigger mechanism for such storms. 
However, certain synoptic disturbances which augment the low-leve‘ con- 
vergence, e.g., "tropical trough", easterly waves or tropical cyclones may 
increase thunderstorm or squall-line development. 

Generally speaking, good observational data for mesoscale weather 
systems are lacking for southeast Asia. 

LOCAL EFFECTS 

Many of the local effects on meteorological elements are produced by 
topography. Meteorological observations are usually lacking in the 
mountainous regions. Therefore, it is not too surprising to find little 
writt«r. on the subject except perhaps in the broad-scale sense. 

Examination of mean monthly rainfall charts for southeast Asia 
indicate in general terms the influence of the topography. During the 
southwest monsoon, rain shadow regions can be observed in the Irrawaddy 
Basin of Burma, the central Valley in Thailand, and to a certain extent 
on the leeside of the Chaine des Cardamomes in Cambodia. 

Geographic enhancement of rainfall can be observed on the windward 
sides of the Arakan Yoma and Bilauk Taung in Burma, Trengganu Highlands 
of Malaya, Chaine des Cardamomes of Cambodia and Chaine Annamitique in 
Vietnam and Laos. 



During the winter or cool season, rainfall is augmented along the 
Chaine Annamitique in Vietnam due to the forced ascent of the northeast 
monsoon. This also occurs along the extreme southern peninsula in Thailand 
ana the Malay peninsula. 

Fcenn winds have been Rioted to occur in certain regions of Indo-China. 
During certain synoptic situations a warm, dry wind descends from the 
Western Highlands of Laos causing very uncomfortable conditions along the 
north-central coast of Vietnam and possibly in regions of Laos and Thailand. 
Strong foehn conditions may also be observed on the leeside of the Chaine 
Annamitique in Vietnam during strong surges in the northeast monsoon. 

Along coastal areas land and sea breezes should be expected. However, 
little information is available on this subject for southeast Asia. 

FIRE WEATHER PROBABILITY IN SOUTHEAST ASIA 
ASSUMPTIONS AND LIMITATIONS OF THE DATA 

Fire Weather Probabilities.— Several stations in southeast Asia for 
which data in "N-Summary" form were available were used as a basis for 
computing the probability of target readiness for Project Emote operations 
(Appendix 4 ). The format illustrated in Table 1 is similar to that used 
in an earlier report (Forest Fire Research Final Report, Phase 1, Volume 2) 
with some significant changes. First, the basis for the input data has 
been changed in light of the new requirements for accumulating drying days. 
After a light rain ( & 0.2 inch), 1 drying day must occur before target 
readiness is achieved. After a heavy rain ( » .2 inch), 3 drying days 



R2GIF mOKlIIIFOC* t650*M I J AMU RAVI PlQt 



un 

wO 


Q 

< 



£ 


• 

I 




1 o 


0 


• — 


0 


1 


>■ 


1 


> 


1 


0 




t 


I 9 
1 


0 


1 

( 


Ui 


1 


> 


1 


mmm 


1 0 


Ui 


1 


o 


X l 


UI 


SJ 1 


0. 


U I , 




0 1 


0 


X 1 


m 0 


I *• 


•- Z 


0 1 




UI 1 


0 O 


X l 


Ui 


U I 


-i 0 


0 1 


_i 


UI 1 


0 X 


X 1 M 


o 




* ►* 


X 1 


— 0 




X 


I 


'► 


O 1 


O 0 


UI 1 


0 Ui 


©10 


ul X 


3 * 


0 0 


w l 

N 

0 


cl 1 

mm 

0 Ui 


Z l 

* 

ui X 


— I 

• 

X 



O 

O ui 


0 10 


o x 


UI 1 


UI — 


U 1 

— 

0 


— 1 

■# 

Ui 


0 I 

• 

UI 0 


1 

o 

— O 


U 1 


— u. 


O i m 

0 

0 Ui 


i 

o 

0 


0 1 

— 

ui 


UI 1 

• 

Z ► 


0 I 

9 

O 0 


X » 


o 


3 i 

— 

k» 


Z » *< 

— 

0 UI 


• 

o 

0 X 


l 

• 

Ui *- 



o 

0 


• 

0 

— 


l 


0 


1 — 

o 





U- 


1 

o 

0 




X 


• 


•m ■ 


« 


► 


Z 

0 

— 


ui 0 


MB 


O o 

0 

mJ 


Z 0 u 

o 

mm 


— UI 0 


0 


0 X 

— 

■ 0 


•-■X 

3 

0 


0 0 O 

a. 

o 


► ui*. 

X 

• 0 


^ X 0 


0 ' 


o X 


00**00000000000 
00 — 900000000000 
O © 0 9 ooooooooooo 

oooo — — — — — — — — — — — 


© 0900000000000 © 
o o ® o o ooooooooo 
00*900000000000 

OOOO — — —— — — — — — — — 

• » 

oooooeooooooooo 

©o*®o©ocoooooo© 

00*900000000000 


0000 — — — — — — — — — — — 

1 I 

000000000000000 

009000000000000 
OO — 9000C OOOOOOO 


0000 — — — — —— — — — — — 

1 I 

0 0^090000000000 
000*9 000000000© 
00 — 990000000000 

ooooo — — — — — — — — — — 

« I 

o o * 0 *• o o o ooooooo 

000—90000000000 

00—990000000000 


OOOOO— — — — — - — — — — 

I I 

00*4009000000000 
©0009 9000000000 
O O *4 0 9 90000000^0 

oooooo — — —— — — — — — 

If 

oo^««^ooooooooo 

0090M9C00O000O© 

00—^99000000000 


oooooo— — — — 

I I 

000—00000000000 
OO — *40*^990000000 
00-099990000000 


OOOOOOOO- 


OoOM*OM— O « * ►* 0 9 O 
OO ** 000 * 4 O *> O 9999 O 
000 — 00999999990 


OOOOOOOOOOOOOO — 


— IS— O0O**09O— *1 — ^0 


z . 



— 


1 o 

0 


1 — 

0 



M. 



X 



o 





1 9 

«i 



0 



Ui 



> 





» 0 

Ui 



o 

IX 


UI 

1 u 


0 

1 u 



1 0 


0 

1 X 


UI 0 


1 h> 

- Z 

1 0 



1 UI 


0 o 

1 X 


UI 

i *» 


^ 0 

1 0 


Ml 

1 UI 


0 X 

1 X 

1 M 

o 



u N> 

1 z 


— 0 



X 



► 

1 o 


O 0 

< Ui 


0 UI 

1 o 

1 0 

Ui X 

1 3 


0 

1 mi 


0 

1 o 


0 UI 

I z 


Ui X 

t '■» 


X 



© Ui 

1 0 

1 * 

u> X 

1 Ui 


UI ^ 

1 — 


0 

1 — 


UI 

I 0 


Ui 0 



*- o 

1 U 


— u 

1 Q 

1 0 

0 Ui 



0 

1 0 


Ui 

1 Ui 


Z > 

1 0 


O 0 

1 X 


o 

1 3 


Um 

l Z 

1 *4 

0 Ui 



0 X 



Ui *•. 



mi 






0 


1 — 

W» 



0 



X 



9- 



► 


z 

u- 

t UI 

0 

H 

1 u 

o 

mi 

1 z 

0 Ui 



UI 0 

0 

1 0 X 

0 

1 

♦- X 

0 

1 0 

0 U 

o 

1 ► UI U. 

0 

1 0 

X 0 

. a 

1 o 

X 


0000000-0 OOOOOOO 
900000000000000 
900000000000000 


o — — — — — — — — — — — — — — 


'MOOOOOOOOOOOOOO 

900000000000000 

900000000000000 


MOOOOOOOOOOOOOO 

0 OOOOCOOOOOOOOO 

900000000000000 


MOOOOOOOOOOOOOO 

N.00000000000000 

900000000000000 


900000000000000 

0 OOOOOOOOOOOOOO 

900000000000000 


OOOOOOOOOOO oooo 
— OOOOOOOOOOOOOO 

90000000 ooooooo 


090000000000000 

090000000000000 

*90000000000000 


o o - - — - - 

»»MOOOOOOOOOOOOO 
9C-OOOC OOOOOOOOO 
^90000000000000 


oo — — —— — — — — — — — — — 

****>900000000000 
0*-99 OOOOOOOOOOO 
0 9 9 9 0 0 O © OOOOOOO 

oooo — — — — —— — — — — — 

IS9«S«^« — — M099OOOO 
— — ^M*-0999 990000 
'* 09999999990000 

OOOOOOOOOOO— — — — 




4 - 1 * 4 - 




• > 



o 

02 


o 

>- 


20 

<c 

CO 

o 

02 

CL 


o 

CO 


CO 

<X 


< 

CJ 


° t2 

- 5 

0 h~ 

— 


< 

s: 


o 

x. 


o 

o 

Z 


0 

X 


co 


i a 

fcTrtu'^rJ 


ar 




must be accumulated. A drying day is defined as one in which fuel -moisture 
content will decrease, finally down to equilibrium level. Specifications 
for a drying day are: 

1. No rain has fallen in the preceding 24 hours. 

2. Mininum relative humidity drops below 70 percent. 

3. Afternoon cloud cover Is less than 3/8. 

A second difference is that column XX in fi 9 . 12 of the Phase 1 , Volume 
2 report has been expanded (see Table 1) to include more than one site after 

a heavy rain. 

There are five input probabilities for each station for each month. 
Referring again to Table V, note these probabilities are as follows: 

0.0T5 = P' u * probability of a heavy rain within a day 

0.031 « P L 3 probability of a light rain within a day 

0.105 « P » probability of an overcast day 

0.437 * P^ * probability of a half-overcast day 

0.412 •: P * probability of a clear day. 

P H and P L were determined from "N-Summary *3 M data which are pre- 
cipitation amounts grouped in classes and mean number of days/class on a 
monthly basis. For our purposes > 0.004 inch was defined as a rainy day 
and this data together with the class >.39 inch and > .99 inch were 
plotted on semi-log paper and an interpolated value for > .2 inch was 
determined from the graph. This value was the number of heavy rain days. 
This value subtracted from the total rain days ( > .004) gave the number 
of light rain days. Then 


t:'.; 
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Then 


number of heavy rain days 
P u = number of cases 

h 

p m number of light rain days 
k L * number of cases 

The cloud cover probabilities were determined from "N-Summary 17" for 
the local time nearest .1400 LST. N-Sumnary 17 (mean number of days with 
indicated total and low cloud amounts) groups data by cloud cover classes 
as 0 - 1/8, 0 - 2/8 ( < .25), 3/8 - 5/8 (.25 < N < .75), and 6/8 - 8/8 
( a. .75). The interval 0 - 2/8 is defined for our purposes as being clear, 
3/8 - 5/8 as being 50 percent cloud cover, and the 6/8 - 8/8 interval as 
being 100 percent cloud cover. Then 

P =• overcast - number of days 6/8 - 8/8 cover 
a number of cases 

P b . 50 percent cover - gg g - V 8 

P * clear * number of days 0 - 2/8 cover 

r c " number of cases 

It is realized that these approximations for cloud cover and interpolated 
rain values leave something to be desired. But it is not unreasonable to 
assume that for a first approximation, considering the type of data whicn are 
available, that the statistics can have meaning in a general sense if usee 
intelligently. 

COMPUTATIONS OF FIRE WEATHER PROBABILITIES 
1 . Single sites 
Given: 

p p o p p 
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Assuming that: 


• ' a 


a. Present weather is independent of past weather . 

b. No drying occurs on rainy or overcast days (zero "drying 
days"). 

c. A half-overcast day is equivalent to one-half "drying day". 

d. A clear day is equivalent to one "drying day". 

e. A fire will burn if 3 or more "drying days" have accumulated 
since the last heavy rain >0.2 inch provided that 1 or more 
"drying days" have accumulated since the last light rain. 

What is the probability that at least one "burning day” will occur 
within an N day weather watrh, (N * 1, 2. ..... 15), if 

A. When the weather watch is instituted, 2 "drying days" have 
accumulated since the last heavy rain? 

8. When the weather watch is instituted.no "drying days" have 
accumulated since the last heavy rain? 

We recognize that a given site on any given day may require 0, . , 

1, 1 v, 3 "drying days" before being in a suitable condition for 

burning. Thus a site may be described as being in cne of the following 
states: 








State 

Number 

Dryti i Days 
Neeaed 

Days Since 
Heavy Rain 

Days Since 
Light Rail? 

1 

3 

0 

■ - V ’- ; 'V 

2 

2 2 

1 

? 

* 

3 

2 

1 

- . 

4 

1 i 

1 \ 


5 

1 
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6 
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2 * 


7 

0 

3 
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ll 
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The desi 

red probabilities 

for questions A and 

B above are then : 


A. The probability that a site now in state 5 arrives in state 7 • 

in no more than N steps. , ;W 

B. The probability that a site now in state 1 arrives in state 7 

in no more than N steps. 

We have assumed that present weather is independent of past weather, 

which of course it is not. However, the degree of dependence is unknown. 

As a first aoproximation we have assumed dependence of present weather on 

past weather to be small and have formulated the problem as a Markov .Chain; 

that is, the process of drying may be described as a random or stochastic 

process which moves from state i to state j with probability q' ^ where the 

q'.. depend only on the present state of the process. 

^ J 

The matrix Q* of single step transition probabilities in Cerms 

of the P. described earlier are given in Table 2. The probabilities we 
<3 

require for questions A and B can easily be derived from these single step 




TABLE 2 - MATRIX Q' OF SINGLE STEP TRANSITION PROBABILITIES 





probabilities. Ue for. the matrix 0 (tee Table 3) from O' by making 
state 7 an absorbing state and competing the N step transition matrix 
„<«> by raising Q to the N-th power. The desired probability for guestion 
A is then ,<"> and. for question B.qW. Both occur in the right most ^ 
column vector of the matrix, hence, instead of Q<"> we may compute 0 ' - 

where q is the seventh column of q. , The computations were performed 

from right to left as: 

Q(Q(Q( (QQ- ••••)))• 

1 Each multiolication was then a matrix by a column vector; no multi- 
plication of Q by itself was necessary. 

2. Multiple Sites 

Find the probability that at least one of M sites (M - 1.2, ...,10) 
will experience at least one "burning day" within an N day weather watch 
(N = 1, 2, ..... 15) if. when the weather watch is instituted,. 2 "drying 
days" have accumulated at each site since the last heavy rain, and also 
under the assumption that no drying days have accumulated since the last 

heavy rain. 

These probapilities were calculated from the formula. 


k M,N 


1 


(1 - v 


,M 


Where 


■a .... 

P - desired probability for M sites and an N day watch. 

M.N (n) . . (N). 

P N « single site probability from 1 , (q 5 j) or tq-, 7 J 

■The basic assumption here is that the weather at one site is 
independent of the weajfe at Mg. other site, which of course it isn't. 
This obvious error will be minimized during the drier months when rainfal 
is essentially of the shower type from air mass rather than frontal 
systems, individual rain showers tend Wbe,random in their occurrence 

r -20- €“ 
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a-'d in this sense the argument for site independence is oresented. 

3. Unconditional Probe bili ties 

What is the probability that a random day is a burning day? 
c or the solution' to this problem, we' return to the matrix Q' 
of section 1. The desired probability, U, is the Drobability ..that the 
process is found to be in state 7 t a higher state on a random day. 

If the u i are the probabilities from the stationary distribution of 
the chain then 

6 • 

U = r. u. = 1 - 7 . . u . 
i=7 1 i=l 1 . 

'he stationary probabilities satisfy the system of equations, 
u Q' = u 

where u is a row vector wicn elements u^ and Q' ’ s the extension o Q. 

A stepwise solution of the system for the first ten u^ was obtained 

with the following formulae: 

“1 V (1 ' ' % - P L > 

u 2 = U 1 P b ^ n ‘ P a * P L - 

“1 * (p c U i-2 * P b “1-1 > ' 0 ’ % * P l’ 
where i = 3, 4 

“5 ■ [P c u 3 * V'4 * P L ? = ! “<> 3 i 0 ' V 

u 6 * (P c “4 + P b “6 > ' <’ - P . ) 

d. Days that Burning Operations are Possible. . 

How many days are burning operations possible at any location in 
any month? 

The number of days equals the unconditional probability, u* times 
the number of days in the month in question. 





analysis of number of days that burning is possible 

In Phase 1 of Project EMOTE, restrictions on anounts of rain and 
number of drying days were recognized to be too severe, in an effort to 
remedy this we. have gone too far the other way in establishing a heavy 
rain as >■ .2 inch /day and reducing the number of drying days to 1 after 
a light rain and 3 after a heavy rain, A comparison of map analyses 
of the two sets of conditions readily bear this out. We have the advantage 
now of at least knowing the limits within which we can operate. They are 
as follows: 

a. After a heavy rain (> .2 inch) 3 drying days are not 
enough and 5 drying days are too many. 

b. After , a light rain (s .2 inch) 1 drying day is not enough 

and 2 drying days are too many. \ 

These limits would apply generally to the dryer months - November 
through March. It is recognized that only in isolated areas could a 
successful operation be conducted in the rainy season. For convenience 
In comparison, two maps for the same month appear on each page (see 
Figures 1-12). The map on. the right illustrates too liberal restrictions 
on burning operations while the one on the left illustrates too con- 
servative restrictions. . The liberal analysis (right chart) appears to 
be quite sensitive to the prevailing monsoon flow, certainly much more 
so than the conservative analysis. One can readily see the effects of 
prevailing southwest flow moving northward from Malaysia beginning in 
March and continuing through November while the effect of northeast flow 
can be seen from October through February. September and October, as 
well as February and March, are transition months. The interior of the 






























































Indochinese peninsula continues to be relatively dry from October to 
April when compared to the coast. From May to September the number of 
burning days in the interior are reduced relative to coastal areas . . 

One would tend to conclude from these analyses that the total number 
of burning days are generally much greater in the interior Korat plateau 
region and variable with the seasons along the coastlines. The data are 
also sensitive to elevation with higher locations nearly always having 
more possible burning days than the lowlands. For this part of the world 
such a conclusion seems reasonable in light of the fact that when we . 
talk of lowlands we generally mean high rainfall areas and lush jungle- 
type vegetation. Our test operations would tend to confirm that only 
under the most ideal conditions can moderately successful burning take 
place in the lower elevations. Two tests actually took place in January, 
the month when success was most likely and on only one of these days 
was modest success achieved. 

THE BURNING EXPERIMENTS 

Three burning experiments were conducted in South Vietnam in ea--iy 
1967. They were referred to as "Pink Rose I, II, and III". The targets 
were ignited by clustered incendiaries dropped from 8-52 aircraft on 
January 18, 1967 (Area "C"), January 28, 1967 (Area "A") and on April 4, 
1967 (Area "B"). The civilian advisory team observed the experiments 
in Areis "C" and "A" only. Meteorological data for area "B" was prcviQ-v; 
by the First Weather Group, and comments on what was observed reflect 
the interpretation of personnel who saw the burn and reported on tneir 
observations. 

The burns 
actual firesto 


;re not particularly intense, and in no case die ar. 


occur 
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3 single convection column. There were hot spots in each burn, although 
in Area "C" these were short-lived. Ground reconnaissance after each 
burn indicated many areas of unburned fuel, which is ample evidence of 
the relatively light fire intensity. 

PINK ROSE I, AREA C, 18 JANUARY 1967 

The first experiment (Area "C", Figure 13) was ignited at 1409 LST, 
Jar, ary 18, 1967 under extremely unfavorable atmospheric conditions for 
Burning tropical forest fuels. The atmosphere at TOT was cool, moist 
and stable— characteristic of the periodic lulls in the relatively dry 
northeast monsoon. 

The southern portion of the Siberian High was dominating flow, 
over South Vietnam. Low level winds were liqht and northerly. Figure K 
illustrates a surface pressure analysis and gradient wind level stream- 
line analysis for OOZ (0800 LST) for 18 January 1967. Southeasterly flow 
frcm the 850-500 millibar levels on. January 17th (Figure 15) became much 
more Dronounced on January 18th (Figure 16) with development north of the 
Philippines of a strong anticyclone in the upper levels through 200 
millibars. Unfortunately, southeasterly flow advects moisture ove-' South 
Vietnam and the result is evidenced by the dense cloud cover illustrated 
by the Nimbus II satellite photo in Figure 17. The Tay Ninh and Bien Hoa 
RAGSs, Figure IS, show considerable moisture on the 18th. Tay Ni.ih much 
farther inland near the Cambodian border has increased moisture in- the 
middle layers and slight drying in the lower layers which is most I'.xe". 
caused by normal diurnal warming and mixing from afternoon heating. 

Target area weather was represented by Bien Hoa — located about 12 
statute miles southeast of target "C". Table 4 illustrates daily weather 
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Fi^.jrp 15. — 850 , 700, 500, 400, 300, an.! 200 millibar level streamline analyses for 00Z (08L) 
17 January 196.5. 




: '.iur(; 18, -850, 700, 500, 400, 300, .nnd 200 millibar level streamline analyses for 007 (081} 
18 -.January 1 ;; 58. 














TABLE «. DAILY WEATHER OBSERVATIONS fOR BUTf H0A : (BH) AND TAY NISH (*N) 



°r 


Cue 

Temp 
TN BH 

t< j 
TN 

BH 

R. 

TN 

H. 

BH 

PCPN 
TN 

■ 

BH 

Sky Condition 
TN 

BH 

Stat' 1 
TN 

4 4 

7 Jan 67 

88 

84 

70 

68 

55 

59 

- 

- 

1200/© 

20®: 20®/® 

♦4.0 

- 

z Jan 67 

87 

84 

65 

67 

** 

49 

57 


- 

150©/© 

600150©/© 

♦6.0 

- 

i Jan 67 

90 

90 

65 : 

67 

44 

47 


- 

/-© 

25®/® 

♦6.0 

- 

'0 Jan 67 

88 

88 

65 

61 

47 

41 


- 

/-CD 

/-© 

♦ 11 .0 

- 

M ’an 67 

85 

88 

67 

67 

51 

50 


- . 

4o.<b/-® 

35®/© 

♦5.0 

- 

i: Jan 67 

84 

90 

63 

67 

49 

47 


- 

/-©v® 

25®/-© 

♦4.0 

- 

13 Jan 67 

36 

84 

61 

65 

43 

53 


- 

/-© , 

30©/-© 

♦11.0 

- 

14 Jan 67 

55 

63 

59 

65 

42 

54 


* 

7*0 ; 

28©/® 

♦ 11. C 


15 Jan 67 

31 

83 

60 

65 

50 

54 


• 

120®/-® 

320 80©/© 

♦10.0 

- 

16 Jan 67 

**# 

74 

77 

54 

57 

49 

50 


• 

/•© -;V 

80 0/© 

♦•2 0 

- 

17 Jan 57 

79 

81 

59 

59 

50 

47 


- 

150®/® 

40©1 00©/© 

♦ 12. C 

- 

18 Jan 67 

79 

81 

61 

61 

54 

50 

T 

.02 

120©/© . 

25® ICO'©/© 

♦7.0 

- 

19 Jan 67 

81 

72 

65 

67 

58 

70 

.01 

.08 

35©/© 

10©100©7P- 



20 Jan 67 

83 

81 

63 

65 

51 

58 

- 

.08 

ISO©/,© 

15©1 2C©/© 

. ; *s 

. V* 

- 

21 Jan 67 

86 

85 

65 

65 

49 

51 

- 

- 

15C©/-© 

100®1 5C©,© 



22 Jan 67 

90 

88 

68 

68 

48 

51 

- 

.27 

35 0120-©/© 

30® ' ' 20© ® 

♦5.; 

- 

23 Jan 67 

92 

83 

63 

72 

38 

59 

.76 

.02 

35©/© 

3O©80©/® 

♦3.0 

- 

24 Jan 67 

88 

84 

70 

68 

55 

59 

- 


30©y-© 

40©/© 



25 Jan 67 

86 

86 

72 

68 

63 

55 

- 


3''©/-® 

30©/® - 

♦-.o' 

- 

25 Jan 67 

90 

56 

66 

66 

45 

51 

- 


35©/-® 

30®/© 

♦fc.C 

- 

27 Jar, 67 

88 

88 

72 

68 

59 

52 

- 


35®100©/®. 

' 30© 5C©/© 

♦5.0 

- 

28 Jan 67 

90 

90 

68 

66 

48 

45 

- 


40©/® : 

25©/-® 

♦4.5 • 

* 

29 Jan 67 

88 

+* 

92 

72 

** 

66 

59 

** 

43 

- 


30®/-© 

/-© 

- 


30 Jan 67 

90 

84 

72 

68 

56 

59 



25©/-® 

35©/-© 

*2.. 


31 Jar. 67 

86 

88 

70 

64 

59 

45 

- 


3G® 

35®/© 

♦6.0 

- 
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Note 


observations for Sien Hoa and T ay N'.nn from January 7-31, !9f7. 
tre 3 rr. tempera tti re for Bien Hoa on the 18tn is relatively cc,.; l for • 
January. On the other hand tne cew point of 61 °F. and relative 
humidity of 50 percent appear tc indicate moderately dry rations.’ 
r,e s-mosphere was quite stable, however, with a Showaiter Index of 
+7.0 ty 1400 LSI at Tay Ninh. Earlier at Bier, Hoa a +6.0 Showaiter 
;nd€A, together with the moisture adveccion, confirms the enc of a 
warm, dry unstable period which began on January 9 and continued throjch 
the 17th, abruptly ending on the 18th. This can best be illustrated 
with the vertical time section of tempera tue minus dew point at ’ay Ninh 
shown in Fioure 19. Significant cooling and increases in moisture are 
apparent. at- nearly all levels starting on the 17th and continuing through 
the 24th. It rained at Bien. Hoa on 5 days of this period anc 3. days a; 
lay N^nh (Figure 20). 

Based on the January 18 RA0B at Tay Ninh (1400 LST) the cor- 
vective condensation level (CCL) at 13,000 feet MSI nre-determined a 
convection temperature of 113°F. to establish a oood convection solum 
.Figure 18c). With a maximum afternoon temperature of 81°F. at Bien H-,a 
plus a 10°F. effective increase from good combustion the necesssr • "ii 0 - . 
was completely cut of the question. Table 5 indicates observed weathe- 
parameters at ignition time on the 18th. Diurnal variation 0 f -ayera-re 
dew point and relative humidity on January 18 are illustrated for Bu • 

*•" Mcure 21 • Temperatures decreased rapidly after 1 SCO LST wi %r. c;rr_ 
bonding increases in relative humidity. Of more significance, no, ever, 
s.tne gradual rise in dew point throughout the day--indicat; ve o* t+e 
mc-.st air advection already discussed. 




DAYS - JANUARY 1967 


F’oure 19 —Vertical time section of temperature minus dew 
at Tav Ninh Airport, 10-29 January 19o/. 
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TABLE 5. WEATHER OBSERVATIONS AT 1400 LST , 18 JANUARY 1967 



Bien Hoa 

Tay Ninh 

Temperature 

81°F 

79°F 

Dew Point 

61°F 

61 °F 

Relative Humidity 

50% 

54% 

Sky Condition 

25CD100®/© 

120®/© 

Stability Index 

+6.0 (0200L) 

+7.0 

PreciDitation 

.02 inch (18001) 

T (Ton Son Nhut 
.05 inch) 

Days since Precipitation 

6 days 

14 days 

Dryinq Days 

3+ 

3+ (0800L) 

Precipitable Water 

- 

3.27 (0800L) cm 
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06 07 08 .09 10 11 12 13 14 15 16 lj^.oj&rV9 v# 

HOURS (Local Tirr.e) *' 1 ' Ji " " ' 

Figure 21. --Diurnal variation of tenoerature, dew point and 
relative humidity for Bien Hoa, 18 January 1967. 


AUnougn. fuels were dry (no rain had fallen for 6 days) aru the 
target had accumulated the prescribed 3 drying days, low clouds and a 
high overcast limited solar heating significantly so that a cool tern- 
erature and rising dew point were enough to make the experiment a 

failure. 

The convection column reached its maximum height at 1454 lst 
( 70T + 45 minutes) and was estimated by aerial observers to be at 
4,000 MSI. This top was not detected by radar. Observers noted that 
only a small portion of the northwest corner of the target was burning 
with any great amount of flaming. Assuming the Tay Ninh RACE as 
representative of the target at 1400 LST that small portion of fire was 
generating an equivalent temperature at the surface of approximately 
S3°F., seven degrees of which might be attributable to the fire itself. 
An inversion near 2,000 feet effectively suppressed the remainder of the 

fire. 

Although virga was observed between 1000 and 1100 LST over the 
target, no rain was measured at the surface (Bier, Hoa) until 1800 LST 
when .02 inch was recorded. Precipitation had beer forecast 24 hours 

prior to TOT . 

PINK ROSE II, AREA A, 28 JANUARY 1567 

The second experiment (area "A", Figure 13) was Ignited at 1405 US 
January 28, 1967 under nearly ideal atmospheric condition.. Nor ...east 
monsoonal flow was well established. No precipitation had fallen for 4 
days and fuels were well conditioned by previous warm, dry days, 
under the influence of the Siberian High, figure 22, the target area 
•r was exposed to strong northeast monsoonal flow from the gradient 
wind level up to 300 millibars. Figure 23. A strong anticycl«*£S __ 



Fiaure 22. --Surface pressure analysis ard Gradient. wind level s 
analysis, OOZ (OfiL), 2^ January 1S57. : 
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Iccat-j over tr.e rorth Indo-Ch'nese peninsula on January 27 and 2a. 

’-V. .';v.csohere .-.as moderately -unstable at TOT due primarily to r ur*a:e 
heating and dry air aloft. Thin clouds are apparent in Nitpus II 
;o.:tcs for January 27, Figure 24. 

Target "A" was located about 25 statute riles ro/theast o + 'a.. 

Ninh which was the nearest regularly reporting upper-air .station, 

.Noting Table 4 anc Figure 20, January 28 was one of the better days to 
conduct a burning operation. At Bien Hoa, temperatures at 1400 LS T 
had been increasing and humidities had been decreasing daily since 
January 24. Tay Ninh continued to be quite warm although somewhat 
more variable. Dew DOint and humidity continued to drop after tarcet 
ignition to minimum values of 66°F. and 46 percent while surface temp- 
erature remained at 90°F (Figure 25). ' Table 6 indicates weather oara- 
-eters at TOT for Tay Ninh and Bien Hoa. Although the analysis in 
'Figure IS indicates January 28 to be at the end of a dry period s.^’l-.- 
in magnitude. to the period ending January 17 and 18 there < $" one imrot -tro: 
difference between the two. 


Surface temoeratures are nearly 1C°F., higher on the 2~tn and 28t r. . 

Also a stability index of +4.5 on the 28th indicates a relatively unstave 
atmosphere. The CCL at Tay Ninh at 1200 1ST on the 23th (Figure 26; 
was at 9,400 MSI. A surface temoerture of 107°F. was recuired to estates;, 
a good convection column. With a surface temperat.re of S0°F this wao 
rearly hopeless to achieve even with the estimated 10°F. ass-st from 
good combustion. At 1413 tne smoke layer was at cloud base (T0 r ■>.? 
minutes ) . An inversion base at 5,600 feet MSI. (Figure 25' coincides 
•;i v -eosured cloud tops over target and vicinity. Aerial observers 
estimated column height at 9,000 feet MSL. Radar at Ton Son NK-j r r- ' 
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TABLE 6. WEATHER OBSERVATIONS , 44,00 LST, 28 JANUARY 1967 



Bier Hoa 

Tay Ninn. 

Temperature 

90°F 

90° F 

Dew Point 

66°F 

68° F 

Relative Humidity • 

45% 

48% 

Sky Condition 

250/-© 

400/0 

'Stability Index 

- 

+4,5 

Precipitation 

0 

o 

Days since Precipitation 

4 days 

4 days (OSOOt’j 

Drying Days 

3* (.02 on 1/23/67) 

3 + (.76 on 1/23/67 
(Ton Son Nhut .25 on 
1/23/67) 

Preci pi table Water 

- 

3.38 cm. ( 080CL ) 






a’ruort measured an echo height of 10,000 feet MSL. Beam width is 
the most likely explanation for the difference in values. A sene', c- 
radar photos illustrates the fire image or, the RHI and -?I scer.es of 
the CPS-9 Weather Radar (Figure 27). The 9, COG foot top indicates s r 
effective temperature of 105°F. was achieved in. a small part ot tne 
fire. Maximum height occurred at 1445 1ST (TOT ♦ 40 minutes) and 
coincides with the period of most intense burning activity, however, 

12 minutes later at 1457 LST the radar too had decreased to 8,000 feet 
and continued to decrease rapTdly as did the burning activity. 

Pit K ROSE III, AREA B, 4 April 1967 

Area "B" (Figure 13) was ignited at 1400 LST, April 4, 1967 ur.oer 
fairly good atmospheric conditions in spite of the cloud cover present 
all TOT. A low layer of clouds existed at 3,500 feet MSL, along witn an 
overcast of unmeasured height, but which was estimated to be / ,0,-0 fee. 
MSI until after 1300 LST. This cloud cover prevented early evaporation 
of dew in the general target area. Although the relative humidity 
dropped to 51 percent at 1300 LST and was estimated to be 45 percent 
at TOT, tr.ere was very little drying time available to properly con- 
dition fuels. 

The upper-air streamline charts (Figures 28-33) from the pfe:'.d 
March- 31 , 1967 through April 5, 1967 were typical of the end of the 
strong northeast monsoon and its subsequent breakdown prior to the on- 
set of the southwest monsoon. A low pressure center over northern 
Indo China was already apparent from the surface through the 850 miiliba 
level, and accounted for the southwesterly flow over the southern naif 
o* South Vietnam. This southwesterly flow was supported by antic., : . , - 




DATE: 2& Jan 1967 TIME: 1U28 LST 

.AZIMUTH : 3-5° 

HORIZONTAL SCALE: ”5 Mi. 


DATE:' 23 Jan TI’Z- : 




Figure ? 7 -C .F .3 .-9 weather radar photographs * •:/. -r. •. 7 .'r. 

showier echos of target area "A" . 

~ > 
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DATE: 25 Jan 1967 TIME: 1**55 LST 

STC: Off SCALE (PPl): 75 mi . 

PULSE LENGTH: Lcng o 

ELEVATION ANGLE: 2 Q 

REMARKS : Range marker 3^2 / 57 st. mi. 


DATE: 26 Jan 196? TIME; ll*5 7 LST 

AZIMUTH : 3UL 0 

HORIZONTAL SCALE:' 75 mi . 

REMARKS: Tops of echo 8750 ft. 






DATE: 28 Jan 1967 TIME: 1503 I^T 

STC: Off SCALE (PPl): 75 mi. 

PULSE LENGTH: Long- 

ELEVATION ANGLE: 2 Q 

REMARKS: Range marker 3^2 /57 st. mi 

Figure 27 .—Continued 



DATE: 28 Jan 196? TIME: 1512 LS 

STC: Off SCALE (PPl): 75 mi-. . 

PULSE LENGTH: Long 

ELEVATION ANGLE: 2 Q 

. FEMARKS: Range marker 3>*2 /5 7 st 





THOUSANDS OF FEET : 







DATE: 23 Jan 1967 TIME: 1520 LST 

STC: Off SCALE (PFJ)'.765 r. . 

PULSE LENGTH : Lon? o 

ELEVATION ANGLE: ?' 

REMARKS: Expandable scope, 

' 0/C 3** 2°/ 57 mi. 


DATE : ->3 -Tc.n 196? TIME : 152 

■STC: Off SCALE (PPI) 7 5 

F’TL'E LENGTH : Long 

ELEVATION ANGLE: .2" 



HORIZONTAL SCALE : 75 St. mi - 

AZIMUTH: 3^ . t; 0 

PE-iARKS : Tops of echo at 5000 ft . , 3“-* 
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strear.1 ine flow :‘rcm a center located just off the. South. Vietnamese 
coj:t. which at tithes during the period April l-o, 1967 was located as 
far east as the Phillipines. The two flows caused the .development' of 
a ccn.-omence zone over the mainland intermittently during the pewits. 
Recorded rain fell only on the 3rd of. April at 2ier. hoa. otr^r 
moisture v. : as noted other than fog at many stations *. n Scutr f ' af i~ 
cn the r-.crnir.cs. of April 2, 4, and 5. Fog is of no surorise.sir.ee the 
ter.cerature-dew point spread was as low as 3-4 F. at 0600 Lai . However, 
there was no fog in the target area on the morning o* April 4. Ctuds 
are apparent ir. Nimpus II photo prior to TOT, Figure 34'. 

Flow at 700 millibars and above was generally northeaste-'l;/ f 
t-^e center of a fairly intense anticyclone located over Thai ’and, Burma 
and Laos. Figure 35 shews the T.ay Ninh RA03 for 04002 (1200 L3T) . 'a,. 

Nir.n is located about 10 miles south of the target and car ie cens-f - 

as representati ve of the target area. This sounding indicated a 
v Convective Condensation Level) of 2,300 feet and a > r C cf i , -00 ; * 

A convective temperature of 99°F. was nearly acnieve-d betwe-r. i j . .= • a r r 

- -,C- 

1300 1ST when, the maximum temperature *u$ estimated tc ?e -j( f • ut : ' • 

Ninh and probably near 95° r i* 96 0 F. at TOT (Figure zz) . • re r.cr-a 

boost expecteo from good combustion, should have beer, more ff . c-ic-ace 
to establish a substantial convection column to 20,000 ret or h:oner ; 
After TOT a cumulus cloud over the fire area developed to estimated 
-r-.-.nt of 50,000 feet. Therefore, we can reasonably ct-- elude fat '. 
forest fuels and the ir.cenaiaries together d'e bur* intense ef' : 
provide an equivalent surface temperature boost of at ieest z-< r ■ 

Compared to targets "C" and "A" the atmosphere was mere .ns tat V 





B 4 



diiy at Bien Hco a*«-i 1 



at TOTvover "9”. The Showalter Index over target "3” was 

13” decree m rr to -C..5 at 1R00 LS T ' r, ’gyre 35V. 
tc cf-.t" e sire o the convective column, around r °zz'- 
" ,S; " r .'i4c a ’•datively cbor-burn occurred.. Cloud ccve r 

r t'V t-^.-et .’$ a probable expla r ation for poor fuel cond’tic'-s a*'.. 


ri «*• ** i\ nr'c 


-cs.l.cr.g.pccr burr.. Nighttime condensation permitted the r.c’-V 
. cd'jn fuels -to absorb moisture which was not evacorated between 
L ' T - - a time when cloud cover would normally be expected to 
Or April 4, 1967 at 1300 1ST the target was s t ■* 1 1 overcast. 

. Jet .weat^e.' is •''lustrated by daily- weather observations at Bier -c? 
i.-c him. from Apr-;! 1*5, 1967 (Figure 37 and Table 7). 

Considering the meteorological conditions at TOT it would seem t K - 
.m stite.Mjt fuel conditions, the energy developed in the. fire (due to t 
increased- gensi ty o*. 'incendiaries) was enough to force the convection 


column through the overcast layer at 7,000 feet to the LfC where add’v 
snerqy from the condeosation process oermitted the continued growth of 
a cu -ulus .cloud above the convection column from the fire. A cloud 
reaching the estimated height of 50,000 feet would probably cause 
prec' citation and could account for the standing water observed by the 
ground reconnaissance team the morning after the burn. 
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TABLE 7. WEATHER OBSERVATIONS AT BEEN HOA AND TAY NINH 


°F 


Date 

"emp 
T S BH 

7d 

TN 

JH 

R. 

TN 

H. 

8H 

PCPN 
TN 5H 

Sky Condition 
TN . 

3H 

Stabil 

TN 

It/ 

BH 

*1 Apr 67 

♦♦ 

95 

•« 

90 

♦* 

68 

*♦ 

72 

42 

** 

56 

• 

35© 

E30©/© 

. • 

- 

2 Apr 67 

99 

91 

* 

68 

70 

37 

51 

- 

40© 

35© 

- 

- 

3 Apr 67 

97 

91 

70 

72 

42 

54 

- 

35© 

30©/© 

- 

. 

4 Apr 67 

93 

** 

90 

+* 

72 

** 

75 

IT 

** 

62 

- 

35© U© 

20®E70®/© *1*5 

- 

5. Apr 67 

93 

91 

72 

70 

SI 

51 


30©80®/*© 

E25©/© 

• 

* 


Observations at 1400 1ST except as Indicated 
*TIOO L5T; **13M>LSt; ***^200lSf 
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lew Point Depression as a Forecasting Aio 
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;'-d uoce--a-'r cata *rom ffe'd locat-;. r s oh a dav- 
wa^ ab e to tabulate dew-point depression wit h e * ~ ^ t 
abc.,t ? wee^s of data.aocea-s in- Figure 36 'or •■>, *,-;••■ 
°'- 3 * e - a - -"autica 1 ^ - 3 e s ri’o'rfwest' -o*‘ 
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•" J'? -.s- 1 1 - • s rea: '.- $e»r to -‘a- 

■ :: 6 : 'Jtre^-’eval c 1 oudiness a^d tc some extent ».• t* 

’•'* '• aL - ~ ; 'ows that .precipitation occurred at "av •.->••- 

' ■ '■ -a-uery.. :?67. 'his is’ closely associated 

' n - ower -eve’s (under 4,0C0 f eet ‘-‘Si; and coo’^n- t r e 
- r ~ • ' ■ - • -*-0,00C r eet). These chances •> at~csr-he'r*c st r . *. 

*---c- c ace slow, y enough for trend forecasts to be riade based 
•- t J r cool advect:on alc't and low-level moisture, which together 
cord-jc ’ v ■ to shower activity. For operational work similar to that 
Pink °ose experiments it would appear that such information cool 
nelDful in planning operations. 
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Figure 38. --Dew Point depression with height at Tay Ninh Ai'*?o>-; 
1C-29 January 1967. 
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